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THE  RESULTS  OF  INVESTIGATIONS  RELATIVE 
TO  FORMULAS  FOR  THE  FLOW  OF  WATER 
IN-  PIPES. 


By  Edmund  B.  Weston,  M.  Am.  Soc.  C.  E. 


WITH    DISCUSSION. 


INTEODUCTOEY. 

About  thirteen  years  ago,  when  the  writer  first  commenced  to  make 
a  i^ractical  application  of  hydraulic  formulas,  he  was  unable  to  find  one 
for  calculating  the  loss  of  head  due  to  the  friction  of  water  flowing  in 
pipes,  which  he  had  not  heard  criticised  more  or  less  unfavorably  by 
hydraulic  engineers. 

This  unsatisfactory  state  of  affairs  led  him  to  commence  to  make 
special  investigations  upon  the  subject,  and  to  collect  original  data  of  an 
experimental  nature  relating  to  the  same,  in  order  to  prove  to  his  own 
satisfaction,  if  possible,  if  any  of  the  formulas  that  he  Avas  familiar  with 
were  reliable  for  general  use,  and  if  not,  to  endeavor  to  construct  one. 

The  results  of  these  researches,  which  are  illustrated  by  sketches  and 
diagrams,  are  now  presented  in  this  paper. 

The  data  of  five  hundred  and  twenty  experiments  were  obtained, 
which  are  tabulated  in  a  systematic  manner  in  Table  No.  1 . 

A  careful  study  of  the  experimental  data  convinced  the  writer  that 
the  same  formula  would  not  apply  to  all  cases,  and  that  in  order  to  make 
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an  intelligent  investigation,  it  would  be  necessary  to  divide  it  into  the 
three  following  classes,  viz. :  that  which  had  been  obtained  with  pipes 
having  very  smooth  interior  sides  similar  to  brass  and  lead  pipes,  that 
which  had  been  obtained  with  pipes  having  interior  sides  similar  to  new 
cast-iron  pipes,  and  that  which  had  been  obtained  with  pipes  having 
interior  sides  similar  to  old  cast-iron  jjipes  whose  interior  sides  had  be- 
come roughened  by  oxidation. 

The  result  of  this  division  was  the  construction  by  the  writer  of  a  new 
formula  for  the  flow  of  water  in  pipes  having  very  smooth  interior  sides, 
and  his  coming  to  the  conclusion  that  tAvo  formtilas  constructed  by  the 
eminent  French  Civil  Engineer,  Henry  Darcy,  were  very  well  adapted  for 
pipes  having  interior  sides  similar  to  new  cast-iron  pipes, 

A  general  formula  was  not  found  that  would  satisfactorily  ajjply  to 
old  cast-iron  pipes  having  interior  sides  that  had  become  roughened 
by  oxidation,  and  it  was  not  possible  to  construct  one  from  the  limited 
data  at  hand,  although  a  formula  by  Darcy,  and  several  by  the  writer 
constructed  for  individual  cases,  agree  very  well  with  the  exjierimental 
results  from  which  they  were  derived. 

The  writer  also  briefly  discusses  the  form  of  formulas  the  best  adapted 
for  the  flow  of  water  in  pijDes,  and  calls  attention  to  formulas  for  com- 
jjuting  the  co-efficients  of  resistance,  for  enlargements,  contractions, 
elbows  and  curves. 

The  investigations  and  subjects  that  this  paper  treats  upon  will 
hereafter  be  referred  to,  or  described  in  detail  in  the  following  order  : 
First. — The  Nomenclature.     (Page  3.) 
Second. — The  form  of  Formulas  best  adapted  for  the  Flow  of  Water 

in  Pipes.     (Page  4.) 
TA/rf/.— The  Co-efiicient  of  Influx.     (Page  7.) 
Fourth. — Description  of  Table  No.  1.     (Page  8.) 
Fifth.— T?ih\e  No.  1.     (Page  11.) 

Sixth. — Description  of  the  apparatus  used  in  making  the  experiments, 

the  results  of  which  are  contained  in  Table  No.  1.     (Page  23.) 

Seventh. — A  Formu.la  for  the  Flow  of  Water  in  Pipes  having  very 

smooth  Interior  Sides.     (Page  48.) 
Eighth. — Formulas  for  the  Flow  of  Water  in  Pipes  having  Interior 

Sides  similar  to  NeAV  Cast-iron  Pipes.     (Page  56.) 
Ninth. — Old   Cast-Irou    Pipes    Lined  with   Deposit,   and   the   same 

cleaned.     (Page  60.) 
Tenth. — The  Co-efficients   of   Kesistance  to   the   Flow   of  Water  in 
Pipes,  for  Enlargements,  Contractions,  Elbows  and  Curves. 
(Page  61.) 
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NOMENCLATUEE. 

Unless  distinctly  stated  to  the  contrary,  the  following  characters  will 
always  represent  English  feet  when  they  apply  to  linear  distances,  and 
have  these  significations  : 

h  =  the  head.  When  the  pipe  is  submerged,  it  is  the  difference 
in  elevation  between  the  surface  of  the  water  at  the  inlet 
and  outlet;  or  when  the  pip3  discharges  into  the  open  air, 
it  is  the  difference  in  elevation  between  the  surface  of  the 
water  at  the  inlet,  and  the  center  of  the  outlet  end  of  the 
pipe. 

hf  =  the  loss  of  head  due  to  friction,  of  the  water  flowing  against 
the  interior  sides  of  the  pipe,  etc. 

1  =  the  length  of  the  pipe. 

d    =  the  mean  interior  diameter  of  the  pipe. 

g    =  the  acceleration  of  gravity. 

V    =  the  mean  velocity,  per  second,  of  the  water  flowing  in  the 

pipe,  or  the  velocity,  per  second,  of  the  water  issuing  from 

the  outlet  end  of  the  pipe. 
£  =  the  coefficient  of  influx  or  resistance  of  the  entrance  of  the 

water  into  the  pipe. 
zJ  =  the  co-efficient  of  contraction  of  the  entrance  of  the  water 

into  a  pipe. 
Z   =  the  co-efficient  of  friction  of  the  water  flowing  against  the 

interior  sides  of  the  jDipe. 
cp  =  the  co-efficient  of  resistance  of  the  water  passing  from  a  large 

to  a  small  pipe. 
fi   =  the   co-efficient  of  resistance  of  the  water  passing  from  a 

small  to  a  large  pipe. 
F  =  the  area  or  cross  section  of  a  pipe. 
ip  =  the  co-efficient  of  resistance  of  the  water  flowing  in  a  curved 

pipe, 
r  =  radius  of  curvature  of  a  curved  pipe, 
r  =  the  co-efficient  of  resistance  of  the  water  flowing  in  an  elbow 

pipe, 
p  =  angle  of  an  elbow  pipe. 
m  =  the  total  number  of  discharge' pipes  that  are  supplied  by  the 

single  pipe  under  consideration. 
a   =  an  experimental  derivation. 
/3   =  an  experimental  derivation. 

2  =  a  diametric  co-efficient. 

J  =  the  sine  of  the  inclination  of  the  water  surface,  or  fall  in  a 
length  of  1  (used  only  in  Kutter's  formula). 

71  =  the  co-efficient  of  roughness  dependent  upon  the  surface  of 
the  material  over  which  the  water  flows  (used  only  in 
Kutter's  formula). 

&)  =  a  variable  co- efficient. 

b    = 

c    = 

e    = 


_[  characters  of  Figures  No3.  1  and  2. 
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THE  FORM  OF  FORMULAS  BEST  ADAPTED  FOR  THE  FLOW 

OF  WATER  IN  PIPES. 

The  experience  of  quite  a  number  of  years  in  solving  hydraulic  prob- 
lems, has  led  the  writer  to  the  conclusion  that  the  forms  of  formulas 
most  convenient  for  ascertaining  the  different  results  generally  sought 
after,  relating  to  the  flow  of  water  in  straight  piiDes,  are  the  following: 


J" 


d 
V'2-g  h 


It  is  assumed  in  these  forms  of  formulas  that  the  loss  of  head  due  to 
friction  increases  at  the  same  time  with  the  square  of  the  velocity  (t?^), 
and  with  conditions  that  are  included  in  the  co-efficient  of  friction  t, 
of  the  water  flowing  in  the  pipes.  This  co-efficient  of  friction,  which  is 
an  experimental  derivation,  is  not  expressed  individually  in  the  majority 
of  the  formulas  that  have  been  iDublished  by  difi"erent  authorities  who 
have  made  investigations  upon  the  flow  of  water  in  jjipes,  nor  is  its  value 
the  same  in  these  formulas,  nor  the  laws  upon  which  it  is  based.  For 
instance,  among  the  formulas  that  the  writer  is  conversant  with,  in 
addition  to  being  dependent  upon  the  nature  of  the  interior  sides  of  the 
pipes,  there  are  several  in  which  it  is  dependent  upon  the  velocity  (?'), 
one  in  which  it  is  dependent  upon  the  square  root  of  the  velocity  (-y/^T). 
one  in  which  it  is  dependent  upon  the  diameter  [d]  and  one  in  which 
it  is  dependent  upon  both  the  velocity  and  diameter,  etc. 

The  following  are  several  of  the  different  forms  of  formulas  that  are 
often  met  with  in  hydraulic  text  books  : 

I       V"- 

y=^  ~d' 


00 


hfd 
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These  forms  of  formulas  are  undoubtedly  a  little  more  convenient 
for  solving  very  simple  problems  relating  to  straight  pipes,  than  are 
those  recommended  by  the  writer;  but  they  cannot  be  utilized  with- 
out a  considerable  modification  for  solving  the  more  complicated 
problems  that  sometimes  arise  in  practice,  such  as  the  flow  of  water 
from  a  reservoir,  through  a  straight  pipe,  a  compound  pipe,  or  a 
comi^ound  system  of  pijses;  whereas  the  forms  of  formulas,  recom- 
mended by  the  writer,  can  each  be  readily  ex:tended  to  cover  a  great 
variety  of  cases  of  this  kind,  as  they  contain  all  of  the  elements  plainly 
set  forth  that  are  necessary  for  calculating  the  flow  of  water  in  pipes, 
with  the  exception  of  a  little  supplementary  data,  such  as  the  co-eflfi- 
cients  of  resistance  for  contraction,  enlargement,  elbows  and  curves, 
which  can  easily  be  obtained  and  introduced  when  necessary.  Then 
there  is  always  a  great  advantage  in  having  before  you  individually  the 
co-efflcieut  of  friction  'C,  which  is  jaractically  the  onh^  important  ele- 
ment in  a  formula,  concerning  the  pipes  themselves,  that  is  determined 
by  experiment,  and  upon  which  almost  entirely  depends  the  conversion 
of  the  theoretical  head  or  velocity  into  the  actual. 

The  co-efficient  of  friction  ~,  as  expressed  in  the  formulas  recom- 
mended by  the  writer,  has  been  adopted  for  the  reduction  of  all  the 
experimental  data  contained  in  this  paper,  as  well  as  for  the  basis 
of  all  formulas  that  have  been  constructed  and  all  comparisons  that 
have  been  made,  relative  to  the  flow  of  Avater  in  pij^es. 

The  following  equations  illustrate  the  manner  in  which  the  formulas 
recommended  can  be  extended  to  cover  a  number  of  cases.  For  facility 
of  comprehension,  the  examples  to  which  the  dififerent  equations  apply, 
are  expressed  by  sketches  (without  regard  to  scale). 

These  sketches  are  intended  to  represent  plans  of  different  pipes, 
and  combinations  of  pipes,  all  of  which  are  supposed  to  be  located 
below  the  hydraulic  grade  line. 

Example  No.  1. 


V'^gli 
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Example  No.  2. 


y/'lgh 


~Nl'^0  +  ^-l:)(i)'+(."V+5,i)(^)*+.  +  ?- 


d 

2 

• 


I,  d,  Z,  (p  and  v  refer  to  the  discbarge  pipe. 
^1)  (h,  <Pi  and  Zi  refer  to  pipe  1. 
1 2,  ^2)  £  and  C2  refer  to  i^ipe  2. 

Example  No.  3. 


■y/^g  h 


m  =  the  total  number  of  small  discharge  pipes. 

/,  d,  (p,  'C  and  v  refer  to  one  of  the   small   discharge   pipes,    their 
dimensions  all  being  the  same. 
li,  dj,  E  and  d  refer  to  pipe  1. 


Example  No.  4. 
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V'^gh 


'+G+=';^)(iy'"*+0"-+?-i(i)''»'+'-'+'^ 

m  =:  the  total  number  of  small  discliarge  pipes. 

/,   d,   0,   Z  and  v  refer   to   one  of  tlie  small  discliarge   pip3S,  their 
dimensions  all  being  the  same. 
/i,  (7i,  tpi  and  Ci  refer  to  pipe  1. 
I2,  ih,  E  and  C2  refer  to  pipe  2. 


Example  No    5. 


-/•i  q  h 


sl'+(=+"  ^)(1)*»:  "•+0'. + •■  -^)H)'«'"^-+4 


?»  =  the  number  of  small  discharge  pipes  that  are  connected  "with 
one  of  the  branch  pipes. 

mi  =  the  number  of  branch  pipes. 

I,  d,  <p,  Z  and  v  refer  to  one  of  the  small  discharge  pipes,  their 
dimensions  all  being  the  same. 

h,  (h,  01  and  ?i  refer  to  one  of  the  branch  jaipes,  the  dimensions  of 
both  being  the  same. 

I2,  d2,  £  and  C.,  refer  to  pipe  2. 


THE  CO-EFFICIENT  OF  INFLUX. 

As  a  co-efficient  of  influx,  or  of  resistance,  e,  to  the  entrance  of  the 
"Water  into  the  inlet  ends  of  cylindrical  pipes,  when  the  edges  of  these 
piljes  are  square  and  flush  with  the  face  of  a  wall  or  partition,  was  fre- 
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quently  used  in  computing  the  experimental  co-efficients  of  friction  (?), 
contained  in  Table  No.  1,  the  writer  will  make  a  few  remarks  concern- 
ing it  before  proceeding  to  describe  the  table,  viz. : 


-& 


1  and  /?/!•  =  £— — . 
/  2g 


0.505  is  recommended  by  "Weisbach,  which  is  a  result  deduced  from 

experiments  made  by  himself. 
0.513  is  derived  from  the  results  of  experiments  made  by  Michelotte 

with  tubes  from  0.5  to  3  inches  in  diameter,  under  a  head  of 

water  varying  from  3  to  20  feet. 
0.456  is  derived  from  the  results  of  five  experiments  made  by  Castel 

with  tubes  0.61  inches  in  diameter. 
0.539  is  derived  from  the  results  of  five  experiments  made  by  Bossut 

with  tubes  from  0.91  to  1.03  inches  in  diameter. 
0.484  is  derived  from  the  result  of  an  experiment  made  by  Eytelwein 

with  a  tube  1.02  inches  in  diameter. 
0.481  is  derived  from  the  result  of  an  experiment  made  by  Venturi 

with  a  tube  1.61  inches  in  diameter. 
0.469  is  derived  from  the  results  of  approximate  experiments  made 

by  Darcy  with  pipes  from  1.42  to  11.81  inches  in  diameter. 

The  writer  considers  the  co-efficient  0.505,  recommended  by  Professor 
Weisbach,  the  most  reliable.  Therefore  whenever  the  co-efficient  of 
influx  s  has  been  used  in  this  paper,  its  value  was  considered  as  0.505, 
unless  otherwise  distinctly  specified. 

DESCRIPTION  OF  TABLE  No.  1. 

This  table  contains  the  results  of  five  hundred  and  twenty  experi- 
ments, which  have  been  made  to  ascertain  the  laws  relating  to  the  flow 
of  water  in  pipes. 

In  making  the  experiments  fifty-seven  different  sizes  of  pipe  were 
used,  ranging  from  0.409  to  90  inches  in  diameter,  and  from  12  feet  to 
60,000  feet  in  length,  which  Avere  constructed  of  tin,  zinc,  brass,  glass, 
lead,  sheet-ii'on,  artificiallj'  coated  and  not  coated,  wrought-iron,  new 
and  old,  cast-iron,  new  and  old,  artificially  coated  and  not  coated,  wood, 
earthenware  and  brick. 

The  first  column  contains  the  tabular  numbers  of  the  experimental 
results. 

The  second  column  contains  the  mean  diameter  of  the  interior  of 
the  pipes. 

The  third  column  contains  the  heads,  which  are  in  all  cases  the  total 
heads,  unless  they  are  indicated  by  *,  when  they  are  the  frictional 
heads,  due  to  the  water  flowing  against  the  interior  sides  of  the  pipes. 

The  fourth  column  contains  the  lengths  of  the  pipes.  When  the 
total  head  is  given  in  the  third  column,  opposite  to  it,  in  this  column, 
is  given  the  entii-e  distance  from  the  inlet  to  the  outlet  of  the  pipe;  this 
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is  also  the  case  if  the  frictional  head  is  given,  provided  the  loss  of  head 
dne  to  the  entrance  of  the  water  into  the  j^ipe,  and  the  head  required  to 
generate  the  velocity,  have  simply  been  subtracted  from  the  total  head; 
but  if  manometric  tubes,  or  substitutes  for  the  same,  were  iised  in  deter- 
mining the  head,  the  length  given  is  the  distance  between  the  points 
where  the  tubes  were  connected  to  the  pipe. 

The  fifth  column  contains  the  mean  velocity  of  the  water  that  was 
flowing  in  the  pipes. 

The  sixth  column  contains  the  co-efficients  of  influx,  or  of  resistance,  to 
the  entrance  of  the  water  into  the  pijies,  if  any  were  required,  that  were 
used  in  computing  the  co  efficients  of  friction  (C),  given  opposite  in  the 
seventh  column.  When  the  frictional  head  is  given  in  the  third  column, 
the  co-efficient  of  influx  does  not  enter  into  the  problem.  If,  on  the 
contrary,  the  total  head  is  given,  a  co-efficient  of  influx  was  necessarily 
always  employed,  if  the  pipes  did  not  have  funnel  shaped  inlets,  and 
in  cases  where  one  had  not  been  determined  by  experimental  investiga- 
tion, 0.505  was  used  for  reasons  that  have  already  been  explained. 
Consequently  if  0.505  is  given  in  the  sixth  column,  it  is  to  be  under- 
stood that  it  is  an  assumed  value,  and  when  other  values  are  given  it 
implies  that  they  have  been  determined  by  experiment  to  meet  the 
reqiiirements  of  their  respective  cases. 

The  seventh  column  contains  the  co-efficients  of  friction  ('C),  which 
have  been  computed  from  the  results  of  the  experiments  contained  in 
the  table.  When  the  frictional  head  was  used,  the  eqnation  employed 
for  the  determination  of  the  co-efficient  of  friction  [Z],  was 

2ff  hf     d 

^  =        .;  ■    T  ' 
V-         I 

but  when  the  total  head  was  used,  the  head  required  to  generate  the 
velocity  and  the  loss  of  head  due  to  the  entrance  of  the  water  into  the 
pipe,  had  to  be  considered,  and  when  the  co-efficient  of  influx  was 
assumed  to  be  0. 505,  the  equation  emijloyed  for  a  case  of  this  kind  was 

(I 


The  values  of  2^,  that  were  used  in  the  comjoutations,  have  ranged 
between  61.326  and  64.4,  deijending  upon  the  locality  where  the  experi- 
ments were  made.  All  of  the  experimental  co-efficients  of  friction  (Q 
given  in  this  column  may  be  used  in  the  equation, 

and  in  the  other  equations  previously  mentioned  and  recommended  by 
the  writer ;  so  that  should  an  instance  arise  in  which  any  of  the  for- 
mulas that  will  be  given  in  this  paper,  in  the  future,  do  not  apply,  the 
table  can  be  referred  to,  and  quite  possibly  an  independent  experimental 
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co-efficient  of  friction  (Q  can  be  found,  which  will  exactly.fill  the  require- 
ments of  the  case. 

The  eighth  column  contains  the  names  of  the  authorities  under 
whose  direction  the  experiments  were  made  or  published,  and  the 
nature  of  the  pipes  that  were  used. 

The  ninth  column  contains  the  numbers  of  the  diagrams  upon  which 
the  co-efficients  of  friction  (Q  are  platted  that  were  used  by  the 
writer  in  determining  his  formula,  and  those  upon  Avhich  other  co-effi- 
cients of  friction  (C)  have  been  platted  for  comparison  Avitli  formulas  of 
different  authorities. 

There  are  quite  a  number  of  experimental  results  given  in  the  table, 
which  have  not  been  platted  on  the  diagrams  nor  mentioned  in  any  form 
outside  of  the  table,  as  they  were  not  deemed  sufficiently  reliable,  with 
the  exception  of  those  which  were  obtained  from  experiments  that  were 
made  with  wooden  pipe,  which  were  not  required.  These  results  can  be 
ascertained  by  referring  to  the  ninth  column,  as  the  space  opposite  to 
them  in  this  column  will  not  contain  a  diagram  number. 
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TABLE  No.  1. 

ExPEKiMENTAii  VaijUes  of  the  Co-efKcients  of  Friction  (C)  of  "Water  in. 
Pipes  of  Different  Sizes,  the  Data^from  wliicli  they  were  Obtained,, 
and  the  Number  of  the  Diagram  on  which  they  are  Platted. 


4J 

«M 

B 

a 

a 

Name  of  the  Experimenter, 

S2 

No. 

■S  2 

d 

K® 

r.^ 

c. 

etc.,   and  Kature  of  the 

Q 

01  .a 

Is. 

0)  a 

Pipe. 

o 

.S^i-* 

OJ 

a 

61-H 

o 

ft 

H 

^ 

►» 

o 

^ 

Weisbach. 

1 

0  409 

0.60 

0  0527 

Brass  nine 

1  and  7 

2 

K 

0.63 

0  0676 

Brass  pipe •.■■• 

1  and  T 

3 

0.70 
1.87 

0.0498 
0  0365 

Brass  "oiiDe 

1  and  7 

4 

Brass  PiDe 

5 

■  < 

6.63 

0.0273 

Brass  pipe 

6 

<( 
«« 

27.92 
28., S5 

0.0182 
0.0187 

Glass  pipe 

1  and  7 

7 

Braes  pipe 

1  and  7 

8 

(< 

0  563 

40.42 

68.87 

0.73 

0.0178 
0.0169 
0.0607 

Brass  pipe 

1  and  7 

9 

Brass  i^ioe 

1  and  7 

10 

1  and  7 

11 

28.41 

0.0172 

Brass  pipe 

1  and  7 

12 

<< 

33.40 

0.pl87 
0.0174 
0.0148 

1  and  7 

13 

•  ■  *  k 

40.68 
70.84 

Biass  iDiue 

1  and  7 

14 

1  and  7 

Daecy. 

* 

15 

0.480 

0.28 

328.09 

0.11 

•  •  •  •  ■ 

0.1719 

25 

16 

It 

0.60 

0.23 

0-0869 

25 

17 

ft 

1.00 

0.38 

0.0532 

25 

18 

It 

1.75 

0.48 

0.0590 

25 

19 

tt 

2.47 

0.55 

0.0632 

25 

20 

(■ 

5.44 

0.75 

0.0751 

25 

21 

(1 

8.47 

0.94 

0.(i7,'iO 

[■New  wrougLt-iron  pipe. . 

25 

22 

tr 

11.39 

1.13 

0.0706 

25 

23 

■  t 

14.43 

1.29 

0.0685 

25 

24 

ti 

20.65 

1.57 

0.0656 

25 

2.5 

It 

28.07 

1.88 

0.0624 

25 

26 

n 

58.60 

2.78 

0.0597 

25 

27 

n 

112.95 

3.92 

0.0577 

J 

25 

Keknie. 

■^8 

0.500 

1.00 

15.00 

2.35 

0.505 

0.0283 

Lead  nine 

7 

It 

4.00 

(t 

5.13 

(. 

0.0230 

29 

7 

Smith. 

30 

0.502 

0.82 

11.13 

2.08 

0.488 

0.0404 

1 

31 

■  < 

1.27 

<t 

2.72 

•  ' 

0.0361 

32 

l€ 

2.16 

(( 

3.66 

« i 

0.0335 

1- Glass  pipe 

33 

*t 

3.03 

It 

4.44 

ft 

0.0316 

J 

Baecy. 

34 

0.551 

0.10 
0.55 
1.41 
4.14 
10.08 

164.05 

0.13 
0.54 
0.81 
1.46 
2.40 

0.1099 
0.0339 
0-0391 
0.0349 
0.1315 

\-  New  lead  T)iT)e 

1 

35 

land  7 

36 

1  and  7 

37 

1  and  7 

38 

1  and  7 

39 

II 

18.76 

3.44  [ 

0.0286 

1  and  7 

40 

" 

26.49 

4.23 

0.0267 

J 

1  and  7 

*  The  heads  of  this  authority  are  those  due  to  friction  only. 


12 


WESTON    ON"    FLOW    OF    WATER   INT    PIPES. 


TABLE  No.   l—(Goatuimd.) 


2sro. 


41 
42 
43 
.44 
45 
46 


-47 
48 
49 
50 


51 


52 
-53 
54 
-53 
56 
57 


58 


.59 
■60 


61 
62 
63 
64 
65 
66 
67 
•68 
69 
70 
71 
72 
73 
74 
75 
76 
77 


0.628 


0.746 


0.969 


0.972 


1.000 


1.020 


1.047 


0.81 
1.71 
3.31 
4.87 
6.59 
8.35 


0.67 
2.06 
3.66 
5.07 


121.10 


150.00 


11.13 
20.80 


6".  07 

0.U8 

0.08 

0.11 

0.18 

0  5J 

1.60 

3.33 

6.36 

6.20 

14.27 

20.72 

22. 8S 

34.68 

58.49 

83.99 

101.55 


a 


60.13 


34.94 


781.80 


100.00 


9.29 
19.20 


328 


09 


o 
a  o 

.S  p. 


1.03 
1.5H 
2.30 
2.86 
3.39 
3.88 


1.40 
2.65 
3.67 
4.37 


6.03 


O.fiS 
0.7:) 
10.47 
15.52 
20.47 
3  J.  12 


21.70 


14.58 
15.67 


0.12 
0.13 
0.13 
0.19 
0.28 
0.43 
0.81 
1.21 
1.71 
2.19 
2.61 
3.15 
4.05 
4.20 
5.52 
6.. 56 
7.17 


•3  2 

Cj    - 

6 


0.4C9 


0.488 


0.352 


0.352 


0.4014 
0.0368 
0.0335 
0.031H 
11.0306 
0.0296 


0.0367 
0.0309 
0.0284 
0.0277 


0.0221 


0.0432 
0.0425 
0.0196 
0.0184 
0.0179 
0.0167 


0.0160 


0.0185 
0.0182 


0.0838 
0.0836 
0.0799 
0.0515 
0.0388 
0.016i 
0.0113 
0.0391 
0.0371 
0.0367 
0.0358 
0.0357 
0.0343 
0.0336 
0  0329 
0.0335 
0.0339 


Name  of  the  Hxperitnenter, 
etc.,  and  Nature  of  the 
Pipe. 


u 

CD 


o 


Smith. 


New  gas  pijie. 


Smith. 


1 

\  Glass  pipe. 

I 

J 


Weston. 


Wroiight-irou 
with  tin. . . . 


l)ipe,   lined 


Weisbach. 


I 
I 

[•Zinc  pipe. 


HODSOJf. 


Neville. 


Dakcy. 


(! 


■New  wrought-iron  pipe. 


1  and  7 
1  and  7 
1  and  7 
1  au  d  7 
1  and  7 
1  and  7 


2  and  9 


2  and  9 
2  and  9 
2  and  9 
2  and  9 
2  and  9 
2  and  9 


2  and  9 


2  and  9 
2  and  9 


25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 


*  The  heads  of  this  authority  are  th  ise  due  to  friction  only. 
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TABLE  No.  \.—( Continued. ) 


No. 

78 

1.054 

79 

it 

80 

tt 

81 

•« 

82 

4* 

83 

tt 

84 

tt 

85 

1.055 

86 

It 

87 

t* 

88 

H 

89 

tt 

90 

(* 

91 

<( 

92 

(t 

93 

l( 

94 

" 

95 

** 

96 

" 

97 

1.063 

98 

•* 

99 

<( 

100 

It 

101 

,<« 

102 

•  » 

10.- 

" 

106 

107 

108 

lOii 

110 

111 

112 

113 

114 

115 

111-.] 

117 

118' 

1191 

lio; 

121 1 
122' 
12J 


104   1.066 
105 


1.066 


f^ 


0.47 
0.79 
1.66 
3.27 
4.85 
6.59 
8.33 


0.07 

0.22 

0.74 

2.00 

3.72 

7.29 

9.!-6 

14.90 

38.87 

59.01 

80.12 

100.77 

0  07 

0.49 

1.34 

3.72 

8.92 

17.23 

24.00 


0.36 
1.07 


0.01 
0.40 
0.60 
0.37 
0.37 
0.53 
0.69 
0.80 
0.80 
1.09 
l.i2 
1.30 
2.10 
0.53 

i.t;o 

1.86 
2.37 
.^.20 


to 

a 

1-1 


60.17 


328.09 


164.05 


53.27 


65.45 
65.45 
12.30 
12.30 
12.30 
65.45 
65.45 
65.45 
65.43 
65.45 
65.45 
65.4.) 
65.45 
12 .  30 
10.39 
12.30 
10.39 
10.39 


o  • 
H  o 

.rH  O 

K"  Hi 


.2  P. 
> 


0.96 
1.42 
2  15 
3.18 
3.9.i 
4.67 
5.33 


0.10 
0.30 
0.51 
0.89 
1  26 
1.86 
2.22 
2.i-0 
4.81 
6.10 
7.23 
8.22 
0.21 
0.62 
1.09 
1.96 
3.35 
4.72 
5.51 


1.09 

1.98 


0.14 
0.32 
0.77 
0.93 
0.95 
1.18 
1.3i 


.86 
.94 
2.55 
2.61 
5.18 
5.22 
6.33 
7.54 


0.563 


0.505 


0.505 


0.0459 
0.0:^45 
0.0315 
0.0282 
0.02tiy 
0.0261 
0.02.53 


0.1285 
0.0416 
0.0491 
0.0436 
0.0404 
0.036:i 
0.0347 
0.0328 
0.02b9 
0.0274 
0.0265 
0.0258 
0.0552 
0.0450 
0.0391 
0.0337 
0.0276 
0.0269 
0.0275 


0.0299 
0.0267 


0.0570 
0.0353 
0.0376 
0.1910 
0.1823 
0.0309 
0.C315 
U.0312 
0.0300 
0.0283 
0.0286 
0.0280 
0.0263 
0.0256 
0.0200 
0.0209 
0.0197 
0.0181 


Name  of  the  Experimenter, 
etc.,  and  Nature  of  the 
Pipe. 


Smith. 


)  New  gas  pipe,  not  tarred. 


Darct. 


New  sheet-iron  pipe, 
coated  with  bitumen 


■  New  lead  pipe. 


BOSSUT. 


!  Lead  pipe. 


DUBUAT. 


•  Tin  pipe . 


a 

u 
6C. 


2  and  9- 
2  and  9 
2  and  9- 
2  and  ^ 
2  and  9 
2  and  9 
2  and9- 


2  and  9 
2  and  9' 
2  and  9 
2  and  9 
2  and  9' 
2  and  9 
2  aud  9 
2  and  9 
2  and  9 
2  and  9 
2  and  9 
2  and  9 
2  and  9' 
2  aud  9 
2  and  9' 
2  and  9 
2  and  9' 
2  and  9 


2  and  & 
2  and  9 


9 
2  and  9 


2  and  9 
2  and  9 
2  and  9 
2  aud  9 
2  aud  9 
2  and  9 
2  and  9 
2  and  9 
2  and  9 
2  and  9 
2  and  9 
2  aud  9 
2  and  9 


*  The  heads  of  this  authority  are  these  due  to  friction  only. 
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TABLE  No.   1.— (Continued.) 


JJo. 


1-24 
125 
12H 
127 
128 
129 
130 
131 
132 
la3 
131 
135 
136 
137 
13S 
139 


140 
141 
142 
143 
144 


145 


146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 


161 
162 
163 
164 
165 
166 
167 


1.25 


1.26 


1.27 


1.42 


1.43 


W 


0.17 
0.23 
0.32 
0.40 
0.52 
0.65 
0.89 
1.21 
1.51 
1.92 
2.30 
2.54 
2.86 
2.97 
3.92 
5.92 


1.57 
3.31 
4.94 
6.70 
8.52 


1.07 
1.07 
1.07 
2.13 
1.07 
2.13 
1.07 
2.13 
2.13 
1.07 
2.13 
2.13 
8.02 
15.16 
22.29 


0.08 
0.23 
0.60 
2.20 
5.00 
10.63 
13.63 


100.00 


62.05 


191.78 

159.82 

127.86 

191.78 

95.87 

159.82 

63.93 

127.86 

95.87 

31.96 

63.93 

31.96 

62.88 

125.76 

188.64 


328.09 


9) 

a  o 


0.54 
0.65 
0.73 
0.8i 
0.96 
1.12 
1.29 
1.52 
1.75 
1.97 
2.25 
2.35 
2.48 
2.52 
2.96 
3.65 


1.65 
2.47 
3.01 
3.. 52 
3.99 


1.18 


1. 
1. 

1. 

1 

i'. 
1. 

2.97 
2.13 
2.49 
2.94 
3.06 
4.31 
6.14 
6.15 
6.16 


0.15 
0.26 
0.42 
0.81 
1.22 
1.70 
2.02 


o 

♦s 

a 

_cu 

y. 

5 

a; 

a 

o 

O 

0.505 


0.563 


0.505 


0.0375 
0.0350 
0.0387 
0.0374 
0.0363 
0.0332 
0.0343 
0.0336 
0.0:n5 
0.0316 
0.0289 
0.0293 
0.0296 
0.0298 
0.02J-5 
0.0282 


0.0599 
0.0561 
0.0567 
0.0562 
0.0556 


0.0343 


0.0331 
0.0314 
0.0.96 
0.0292 
0.0281 
0  0280 
0.0267 
0.0266 
0.02.54 
0.0237 
0.0213 
0.0218 
0.022S 
0.0228 
0.0228 


0.0809 
0.0813 
0.0792 
0.0793 
0.0805 
0.0782 


Name  of  the  Experimenter, 
etc.,  and  Nature  of  the 
Pipe. 


Smeaton. 


Smith, 


-Wood  pipe. 


Weisbach. 
Zinc  pipe 


BOSSUT. 


Tin  pipe. 


Darcy. 


Old  cast-iron  pipe,  lined 


with  deposit. 


o 
!2; 


10 
10 
3  and  10 
3  and  10 
3  and  10 
3  and  10 
3  and  10 
3  and  10 
3  and  10 
3  and  10 
3  and  10 
3  and  10 
3  and  10 
3  and  10 
3  and  10 
3  and  10 


3  and  10 


3  and  11 
3  and  11 
3  and  11 
3  and  11 
3  and  11 
3  and  11 
3  and  11 
3  and  11 
3  and  11 
3  and  11 
3  and  1 1 
3  and  11 
3  and  11 
3  and  11 
3  and  11 


26 
2i 
26 
26 
26 
26 


*  The  heads  of  this  authority  are  those  due  to  friction  only. 
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TABLE  No.  \.— (Continued.) 


No. 


§5 

Q 

168 

1.43 

169 

" 

170 

" 

171 

tf 

172 

" 

173 

li 

174! 

tt 

175 

1.50 

176 

'* 

177 

( t 

178 

ft 

179 

<( 

180 

<( 

181 

** 

182 

<( 

183 

»■ 

184 

'• 

185 

** 

186 

(( 

187 

" 

18-1 

'< 

189 

<i 

190 

(( 

191 

*• 

192 

(( 

193 

" 

194 

«( 

195 

<i 

196 

*' 

197 

*^ 

198 

i€ 

199 

It 

200 

" 

201 

It 

202 

(< 

203 

(( 

2114 

(1 

205 

f 

206 

*' 

207 

'* 

208 

t( 

20!) 

** 

210 

<( 

211 

" 

212 

1.55 

213 

'• 

214 

" 

215 

" 

216 

■' 

217 

(( 

218 

(( 

t^ 


•/• 

(V.23 
0.59 
2.14 
4.73 
9.90 
13.01 
15.26 


1.85 
2.09 
1.15 
1.49 
1.65 
1.83 


98 

15 

16 

32 

44 

46 

64 

84 

2.92 

3.13 

3.40 

0.55 

0.87 

0.90 

1.16 

1.18 

1.20 

1.45 

1.46 

1.49 

1.50 

1.66 

1.76 

1.77 

1.79 

1.98 

2.08 

2.03 

2.31 

2.38 

2.60 


0.07 
0.26 
0.60 
l.li) 
2.13 
4.22 
7.84 


(^ 


60 

a 


328.09 


80.00 
60.00 


40.00 


328.09 


Velocity  in  Fe 
per  second. 

Co-efficient  o 
IiiHnx. 

r 

*3* 

0.37 

0  0396 

0.62 

0.0363 

1.27 

0  0309 

1.97 

0.0285 

2.93 

0.0^71 

3.39 

; 

0.0265 

3.69 

0.0262 

2  70 

0.0255 

3.09 

0.0220 

2.46 

0.02.55 

2.815 

0  0244 

3.00 

0  0246 

3.20 

0.(210 

3.34 

0.023S 

3.41 



0.0248 

3  ^2 

0.0231 

3.63 

0.0^36 

3  77 

0.0230 

3.77 

0.0232 

3.95 

0.0227 

3.97 

0.0242 

4.18 

0.0224 

4.32 

0.0225 

4.56 

0.0219 

2.12 

0.0216 

2.66 

0.0247 

2.68 

0.0 J52 

3.13 

0.0238 

3.16 



0.0238 

3.18 

0.0239 

3.52 

0.0235 

3.58 

0.0229 

3.58 

0.0234 

3.B4 

0.0228 

3.90 

0.0219 

3.93 

0  0229 

3.98 



0.02-.5 

4.00 

0.0225 

4.25 

0.0220 

4.3.i 

0.0221 

4.37 



0.0214 

4  59 

0.0220 

4.66 

•••■>■ 

0.0220 

4.91 

0.02U 

0.21 

0.0435 

0.36 

0.0489 

O.iil 

0.0113 

0.86 

0.0381 

1.25 

0.0  i4G 

1.84 

1     

0.0318 

2..'58 

1     

1  0.0298 

Name  of  the  Experimenter, 
etc.,  and  Kature  of  the 
Pipe. 


Darct. 


i-The  same,  cleaned. 


Provis. 


J- Lead  pipe 


Darcy, 


}-New  wrought-iron  pipe. 


o 


27 
27 
27 
27 
27 
27 
27 


3  and  11 
3  and  11 
3  and  11 
3  and  11 
3  and  11 
3  and  U 
3  and  11 
3  and  11 
3  and  11 
3  and  11 
3  and  11 
Sand  11 
3  and  11 
3  and  11 
3  and  11 
3  and  11 
3  and  11 
3  and  11 
3  and  11 
3  and  11 
3  and  11 
3  and  11 
3  and  11 
3  and  11 
3  and  11 
3  and  11 
3  and  11 
3  and  11 
3  and  11 
3  and  11 
3  and  11 
3  and  11 
3  and  11 
3  and  11 
3  and  11 
3  and  11 
3  and  11 


25 
25 
29 

25 
25 
25 
25 


*  The  heads  of  this  authority  are  those  due  to  friction  only. 
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TABLE   No.   l.—(C(miinued.J 


No. 


219 
220 
221 
222 
2-23 
224 
225 
226 
227 
2i8 
229 
2SQ 
231 
232 
233 
23i 
235 
236 


237 


238 
239 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 


250 
251 
252 
253 
254 
255 
256 
257 
258 
259 
260 
261 
262 
263 
264 
265 
266 


as 
p 


1-55 


.61 


.96 


2.00 


2.14 


.50 


o 


M 


10.25 

14.27 

40.41 

57.59 

73.52 

0.13 

0.59 

1.28 

3.79 

9.19 

18.17 

24.97 

0.14 

0.51 

1.14 

3.41 

8.48 

16.47 


12.75 


1.07 
1.07 
1.07 
1.07 
2.13 
2.13 
1.07 
2.13 
2.13 
1.07 
2.13 
2.13 


0.46 
1.45 
2.78 
4.76 
7.01 
9.9J 
1.01 
1.78 
2.50 
5.50 
8.48 
9.99 
0.17 
2.47 
5.44 
10.14 
0.19 


M 
9 


■*^ 

a 

0) 

;^ 

•c 

a 

a 

o 

o 

>> 

o 
c 

p. 

<p 

> 

328.09 

3.00 

' 

3.59 

< 

6.30 

• 

7.56 

• 

8.52 

164 

05 

( 
( 
( 

0.39 
0.91 
1.40 
2.60 
4.32 
6.32 
7.56 

147 

19 

0.50 
1.02 
1.59 
2.93 
4.85 

6.92 

3300.00 

1.24 

191.78 

1,45 

159.82 

1.63 

127.86 

1.84 

9.J.87 

2.11 

191.78 

2.20 

159.82 

2.44 

63.93 

2.59 

127.86 

2.74 

93.87 

3.18 

31.96 

3.58 

63.93 

3.82 

31.96 

5.23 

1086.00 

0.22 

• 

0.72 

' 

1.09 

' 

1.47 

t 

1.73 

i 

2.10 

540 

00 

( 
( 

0.58 
0..9 
1.07 
2.21 
2.93 
3.35 

270 

.00 

0.34 
2.26 
3.26 

4.89 

100 

.00 

0.86 

Cb4 

o 

a 

6- 
o 

0.0289 

0.0281 

0.0 J59 

0.0256 

0.0257 

— 

0.0458 

0.0.382 

0.03J2 

0.0296 

0.0260 

0.0.>40 

0  0-230 

0.03J9 

0.0  U'. 

0.0320 

0.0283 

0.0257 

0.0245 

0.505 

0.0277 

0.505 

0.0288 

" 

0.0273 

(< 

0.0262 

tt 

0.0258 

'' 

0.0251 

•  ' 

0.0241 

II 

0.0242 

•  1 

0.0-233 

" 

0.02-25 

•  < 

0.0215 

" 

0  0221 

" 

0.0196 

O.EOj 

0.1212 

" 

0.0347 

0.0289 

K 

0.0271 

II 

0.0288 

II 

0.0-278 

II 

0.0748 

II 

0.0699 

•< 

0.0541 

•' 

0.0273 

" 

0.0-239 

" 

0.0215 

0.0700 

it 

0.0229 

0.0243 

11 

0.0199 

II 

0  0316 

Name  of  the  Experiraenttr, 
etc  ,  and  Nature  of  the 
Pipe. 


Darcy. 


}-New  wrought-iron  pipe.. 

I 
J 


'f  New  lead  pipe. 


J-  New  glass  pipe 


Dr.  KoBisoN. 


BOSSUT. 


^Tin  pipe. 


s 

2 

o 

d 

'A 

25 

25. 

25 

25 

3  and  11 

3  aud  11 

3  and  11 

3  and  11 

3  and  11 

3  and  U 

3  and  11 

4  and  12 

4  and  12 

4  and  12 

4  and  12 

4  and  12 

4  and  12 

4  and  12 

4  and  12 

4  and  12 

4  and  12 

4  aud  12 

4  and  12 

4  and  12 

4  and  12 

4  and  12 

4  and  12 

4  and  12 

4  and  12 

4  and  12 

Leslie. 


Lead  pipe  , 


4  and  13 
4  and  13 
4  and  13 
4  and  13 
4  aud 13 


4  and  13 
4  and  13 
4  and  13 

i4  and  13 

4  and  13 
4  and  13 
4  and  13 
4  and  13 


*  The  heads  of  this  auihority  are  those  due  to  friction  only. 
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TABLE   No.  1.— (Continued.) 


a 

-a 

9 

-s 

O 

a 

o 

01 

^ 

^1 

3° 

■*» 

d 

''   oi 

Ph 

a 

0 

Name  of  the  Experimenter, 

§• 

No. 

43    ID 

a 

IS 
W 

a 

o  <u 
■3  P< 

c 

etc.,  and   Nature   of   the 
Pipe. 

5 

o 
d 
15 

Leslie. 

267 

2.50 

4.36 

100.00 

4.89 

0.505 

0.0213 

) 

4  and  13 

•^fiH 

4t 

6.61 
8.25 

6.01 
6.90 

(f 

0.0214 
0.0201 

>  Lead  vine 

4  and  13 

269 

4  and  13 

Daeoy. 

* 

270 

3.15 

0.21 

328.09 

0.40 

0.0693 

26 

271 

it 

0.82 

" 

0.81 

0.0641 

26 

272 

<f 

2. 33 

(( 

1.44 

0.0589 

1  Old  cast-iron  pipe,  lined 

26 

WH 

*< 

5.28 

it 

2.19 

0.0568 

with  denosit  •••••...... 

26 

274 

«( 

10.17 

it 

3.01 

0.0580 

1 

26 

275 

(( 

14.88 

(1 

3.69 

0.0564 

J 

26 

27rt 

(( 

0.28 

(( 

0.63 

0.0358 

1 

27 

277 

it 

0.96 

tt 

1.26 

0.0314 

27 

278 

*' 

2.37 

<( 

2.01 

0.0301 

27 

279 

<( 

2.42 

ti 

2.05 

0.0299 

y  The  same  cleaned 

27 

2^0 

it 

5.11 

it 

2.83 

0.0328 

27 

281 

" 

9.64 

it 

4.09 

0.0299 

27 

282 

(( 

14.68 

tt 

5.01 

0.0304 

27 

283 

3.22 

0.07 

tt 

0.29 

0.0418 

■ 

15 

284 

'* 

0.27 

n 

0.50 

0.0453 

15 

285 

If 

0.76 

i( 

1.17 

0.0291 

15 

286 

4( 

1.74 

(< 

1.84 

0.0271 

15 

287 

28(8 

(< 

3.35 

tt 

2.59 

0.0262 

15 

" 

7.40 

i( 

3.89 

0.0258 

15 

289 

(( 

10.53 

tt 

4.65 

0.0256 

}■  Ne w  cast-iron  pipe 

15 

'290 

(< 

13.26 

It 

5.15 

0.0263 

15 

291 

tt 

31.32 

It 

8.05 

0.0255 

15 

292 

** 

32.49 

it 

8.16 

0.0257 

15 

293 

f  f 

39.30 

l« 

8.92 

0.0260 

15 

294 

f  1 

55.14 

ft 

10.62 

0.0258 

15 

295 

ft 

56.01 

tt 

10.71 

0.0267 

15 

296 

3.25 

0.09 

it 

0.33 

0.0438 

1 

5  and  14 

297 

** 

0.22 

ft 

0.58 

0.0345 

5  and  14 

298 

tt 

0.67 

it 

1.17 

0.0258 

5  and  14 

299 

«' 

2.06 

ft 

2.18 

0.0231 

5  and  14 

300 

tt 

4.00 

it 

3.12 

0.0219 

5  and  14 

301 

it 

7.50 

tt 

4.44 

0.0202 

.  New  sheet-iron  pipe,  coat- 

5  and  14 

302 

tt 

10.19 

" 

5.29 

0.0194 

'     ed  with  bitumen 

5  and  14 

303 

it 

13.35 

It 

6.15 

0.0188 

5  and  14 

304 

tt 

23.52 

tt 

8.44 

0.0176 

5  and  14 

305 

ti 

34.96 

It 

10.53 

0.0167 

5  and  14 

306 

ti 

45.54 

ti 

12.03 

0.0167 

5  and  14 

307 

tt 

51.20 

tt 

12.79 

0.0167 

) 

Jaedine. 

5  and  14 

308 

4.50 

51.00 

14930.00 

1.71 

0.505 

0.0282 

Lead  pipe 

Couplet. 

309 

5.33 

0.50 

7481.66 

0.18 

0.505 

0.0593 

16 

310 

(( 

1.01 

t( 

0.28 

** 

0.0489 

16 

311 
312 

tt 

1.49 
1.87 

tt 
tt 

0.37 
0.43 

ti 

0.0422 
0.0391 

•  Stoneware  and  lead  pipe. 

16 
16 

313 

It 

2.13 

tt 

0.46 

tt 

0.0379 

■ 

16 

314 

tt 

2.22 

It 

0.47 

ti 

0.0378 

16 

*The  heads  of  this  authority  are  those  due  to  friction  only. 
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TABLE  No.  \— {Continued.) 


Ko. 


316 
816 
317 
318 
319 
320 
821 
322 
823 
824 


325 
326 
327 
828 


329 
33U 
331 
332 
333 
334 
335 
336 
337 
838 
839 
840 
341 
342 
843 
344 
845 
846 
847 
848 
349 
860 
351 
852 
363 
354 
355 
356 
357 
858 
359 
360 
361 
362 
363 
364 


as 


6.39 


6.00 


7.40 


7.72 


9.63 


•o 


W 


0.08 

0.29 

0.69 

1.66 

4.13 

7.30 

10.89 

12.81 

32.32 

64.98 


* 

21.19 
47.64 
65.46 
73.16 


* 

0.09 

0.P7 

1.21 

2.64 

4.40 

7.38 

12.60 

36.02 

47.87 

0.07 

0.16 

0.42 

1.08 

1.90 

3.90 

3.94 

6.89 

9.74 

11.94 

39.88 

0.31 

0.66 

1.55 

3.77 

7.51 

10.60 

13.47 

46.87 

0.17 

0.64 

1.63 

3.79 

6.68 

8.97 

12.24 

87.22 


a 


to 

a 

H-l 


a    . 

■*^    CO 


u 


0! 


328.09 

0.49 

.<« 

0.98 

(( 

1.60 

(« 

2.50 

<l 

4.19 

tt 

6.62 

'* 

6.88 

4$ 

7.48 

tt 

11.94 

It 

15.39 

1170.90 

4.70 

(< 

7.25 

*t 

8.49 

n 

9.26 

328.09 

0.65 

(1 

1.64 

(< 

2.50 

(( 

3.72 

<( 

4.90 

tt 

6.37 

tt 

8.25 

" 

14.23 

tt 

16.23 

'• 

0.59 

tt 

0.91 

tt 

1.53 

tt 

2.56 

{( 

3.63 

tt 

5.44 

it 

5.51 

tt 

7.41 

" 

9.00 

tt 

10.01 

tt 

19.72 

It 

1.00 

tt 

1.46 

tt 

2.29 

tt 

3.58 

tt 

6.01 

tt 

6.94 

tt 

6.72 

tt 

12.42 

it 

0.91 

tt 

1.76 

It 

3.11 

tt 

4.66 

It 

6.25 

It 

7.24 

<> 

8.44 

tt 

14.75 

'  a 


?. 


0.0292 
0.0263 
0.0236 
0.0220 
0.0208 
0.0204 
0.0203 
0.0202 
0.0200 
0.0206 


0.0264 
0.0249 
0.0249 
0.0234 


,0251 
,0259 
,0233 
,0231 
,0221 
,0220 
,0221 
,0215 
,0219 
,02;i7 
.0239 
,0228 
,0209 
,0193 
,0167 
,0164 
,0158 
,0152 
,0150 
,01-.i9 
,0489 
,0487 
,0165 
,0463 
0471 
,0468 
,0470 
,0468 
0316 
0275 
0266 
0274 
0269 
0270 
0271 
0269 


Name  of  the  Experimenter, 
etc.,  and  Nature  of  the 
Pipe. 


Daecy. 


-New  cast-iron  pipe. 


Weston. 

(Cast-iron  pipe,  coated 
with  coal-tar,  in  service| 
4  years 

Daeoy. 


New  cast-iron  pipe 


New  sheet-iron  pipe, 
coated  with  bitumen. 


Old  cast-iron  pipe,  lined 
with  deposit 


The  same  cleaned . 


*  The  heads  of  this  authority  are  those  due  to  friction  only. 
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TABLE  No.   1— {Continued.) 


No. 


365 
366 
367 
368 
369 


370 
371 
372 
373 
374 
375 
376 
377 
378 
379 
380 
381 
382 
383 
381 


385 
386 
887 
388 
389 
390 
391 
392 
393 
391 
395 
396 


397 
398 
399 
400 
401 
402 
403 
404 


405 
406 
407 
408 


10.93 


11.22 


11.69 


12.00 


12.05 


12.67 


6.56 
10.20 
12.85 
19.01 
24.22 


* 

0.23 
0.84 
1.42 
2.25 
3.90 
6.71 
9.21 
0.09 
0.39 
0.88 
1.76 
3.63 
7.56 
10.52 
13.47 


4.00 
19.00 
16.75 
40.00 
38.00 

5.50 
12.00 
18.00 
24.75 
27.00 
34.50 
46.00 


21.30 
21.30 
34.40 
32.80 
47.60 
45.90 
64.00 
68.70 


5.13 
10.89 
16.69 
24.51 


DC 
□ 

Hi 


730.60 
721.30 
713.90 
697.00 
684  80 


328.09 


a 

<B  . 

a  o 

«  a 

4^  CO 

'5  f- 

°  S 


4.76 
6.12 
6.95 
8.69 
10  05 


1.30 
2.78 
3.87 
4.90 
6.67 
8.85 

10.52 
0.80 
1.76 
2.71 
3.79 
5.42 
7.84 
9.18 

10.37 


1.45 
2.91 
2.91 
4.35 
4.35 
1.42 
1.89 
2.21 
2.53 
2.64 
3.57 
4.11 


1.55 
1.57 
2.10 
2.12 
2.60 
2.62 
3.10 
3.13 


718.40  4.61 

709. 20|  6.98 

699.60  8.68 

684.90  10.76 


5200.00 


8140.00 


6600.00 


17684.00 


o 


0.505 


C 


Name  of  the  Experimenter, 
etc.,  and  Nature  of  the 
Pipe. 


0.0219 
0.0209 
0.0-206 
0.0198 
0.0192 


0,0251 
0.0198 
0.0174 
0.0172 
0.0161 
0.0157 
0.0153 
0.0275 
0.0240 
0.(i229 
0.0235 
0.0238 
0.0236 
0.0239 
0.0240 


0.0232 
0.0276 
0.0243 
0.0259 
0.0246 
0.0213 
0  0264 
0.0291 
0.0305 
0.0a04 
0.0263 
0.0277 


0.0322 
0.0317 
0.0284 
0.0267 
0.0257 
0.0i!44 
0.0244 
0.0227 


0.0213 
0.0199 
0.0200 
0.0194 


Smith. 


I  Riveted  sheet-iron  pipe 

)■     coated  with  coal-tar  and 

asphaltum 


Dabct. 


'.New  sheet-iron  pipe, 
I         coated  with  bitumen. 


Old  cast-iron  pipe, 
oughly  cleaned. . 


thor- 


SlMPSON. 


Cast-iron  pipe,  in  service 
less  than  seven  years. 


Cast-iron  pipe,  no  record 
of  service  


Cast-iron  pipe,  in  service 
less  than  4  years 


Bonn  Water  Works. 


New  cast-iron  pipe,  coated 
with  asphaltum 


Smith. 

Riveted  sheet-iron  pipe 
coated  with  coal-tar  and 
asphaltum 


a 

o3 
U 
SO 
cS 


O 


18 
18 
18 
18 
18 


24 
24 

24 
24 
24 
24 
24 
18 
18 
18 
18 
18 
18 
18 
18 


18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 


18 
18 
18 
18 


*  The  heads  of  this  authority  are  those  due  to  friction  only. 
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No. 


as 


409 
410 
411 
412 
413 
414; 


415 
416 
417 


418 
419 
420 
421 


422 


423 
424 

425 
426 
427 


428 
429 
430 
431 
432 
433 
434 
435 
436 


437 
438 
439 
440 
441 
442 
443 
444 
445 
446 


14.76 


16.00 


16.48 


16.99 


19.00 


19.69 


20.00 


3.92 

8.55 

9.55 

12.72 

18.93 

24.39 


230.00 
420.00 
184.00 


15.09 
43.65 
51  69 
52.39 


303.60 


24.00 
27.50 
34.00 
41.00 
43.50 


* 

0.15 
0.15 
0-20 
0.39 
0.41 
0.69 
0.76 
0.85 
0.82 


a 


719.90 
712.40 
7ia;70 
705.00 
695.60 
684.40 


25765.00 

29580.00 

3815.00 


25414.00 
31719.00 
31719.00 
26862.00 


4438.70 


22444.00 


a  o 


328.09 


8171.00 


4.40 
6.86 
7.33 
8.52 
30.75 
12.30 


6.25 

6.82 

14.51 


1..58 
2.48 
2.71 
3.09 


20.13 


2.06 
2.26 
2.52 
2.73 

2.80 


1.38 
1.47 
1.55 
2.60 
2.60 
3.42 
3.64 
3.66 
3.69 


0.95 
1.49 
1.93 
2.33 
2-60 
2.87 
3.27 
3.44 
3.74 
3.92 


•2  M 

o 


c 


0.505 


0.182 


0.505 


0.0205 
0.0184 
0.0180 
0.0179 
0.0169 
0.0168 


0.0277 
0.0261 
0.0191 


0.0210 
0.0197 
0.0196 
0.0180 


0.0150 


0.0257 
0.0244 
0.0242 
0.0248 
0.0251 


0.0252 
0.0222 
0.0263 
0.0189 
0.0195 
0.0190 
0.01h3 
0.0205 
0.0194 


0.0271 
0.0214 
0.0210 
0.0205 
0.0213 
0.02IJ6 
0.0-200 
0.0207 
0.0209 
0.0210 


Name  of  the  Experimenter, 
etc.,  aud  Nature  of  the 
Pipe. 


Smith. 


I  Kiveted  sheet-iron    pipe, 

}•     coated  with  coal-tar  and 

asphaltnm 


Ebinbuboh  Water  Co. 

Cast-iron  pipe,  in  service 
8  or  9  years 


Lampe, 


^New  cast-iron  pipe,  coat- 
ed with  varnish 


Smith. 

Riveted    sheet-iron    pipe, 
coated  with  coal-tar,  etc. 

SiSIPSON. 


!  Cast-iron  pipe,  in  service 
I     less  than  thirteen  years. 

Daecx. 


■  New  cast-iron  pipe. 


Fanning. 


Wrought-iron   cement 
lined  pipe 


u 


iz; 


19 
19 
19 
19 
19 
19 


19 
19 
19 


Iff 
19 
19 
19 


19 


20- 
20 
20 
20 

aa 


20 
20 
20 
20 

20 
20 
20 
20 

ao 


20 
20 
20 
20 
20 
20 
20 
20 
20 


*  The  heads  of  this  authority  are  those  due  to  friction  only. 
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TABLE  No.  I— {Continued.) 


fl 

4J 

f<  n 

a 

No. 

^  s 

a 

afi 

'<-< 

a 

^« 

-d 

6D 

.2  H-l 

S 

a 

fi 

M 

^ 

447 

20.00 

8171.00 

448 

«( 

* 

tt 

449 

20.00 

0.729 

1000.00 

450 

" 

0.876 

It 

461 

S( 

1.029 

<( 

452 

tt 

1.186 

ft 

453 

4t 

1.337 

(( 

454 

tt 

1.490 

tt 

465 

n 

1.645 

tt 

466 

tt 

1.797 

tt 

457 

20.00 

28.13 

29715.00 

468 

20.00 

16  ."75 

4320.00 

459 

*t 

19.64 

t* 

460 

tt 

22.52 

tt 

461 

tt 

25.42 

tl 

46'i 

tt 

28.31 

tt 

463 

tt 

31.19 

ti 

464 

tt 

34.08 

tt 

465 

ft 

36.96 

tt 

466 

tt 

39.84 

tt 

467 

30.00 

25.00 

54120.00 

468 

30.00 

1.55 

4000.00 

469 

fi 

1.83 

tt 

470 

ft 

2.11 

tt 

471 

(I 

2.40 

« 

472 

ti 

2.68 

(( 

473 

ti 

6.27 

20200.00 

474 

It 

7.57 

«* 

475 

*( 

8.87 

tt 

476 

(t 

10.17 

tt 

477 

tt 

11.44 

tt 

478 

tt 

12.77 

<< 

479 

tt 

14.07 

" 

480 

tt 

15.37 

•t 

481 

tt 

16.67 

tt 

482 

tt 

17.96 

tt 

483 

tt 

19.26 

tt 

484 

tt 

20.56 

tt 

485 

it 

21.86 

tt 

^"2 
a  o 

*i  03 
'o  t. 
o  a> 


4.00 
4.04 


2.00 
2.24 
2.36 
2.52 
2.68 
2.76 
2.92 
3.00 


1.44 


2.71 
3.01 
3.31 
3.61 
3.91 
4.21 
4.51 
4.81 
5.11 


1.77 


1.60 
1.74 
1.87 
2.00 
2.14 

1.47 
1.62 
1.76 
1.91 
2.06 
2.20 
2.35 
2.50 
2.64 
2.79 
2.94 
3.08 
3.23 


>  a 


o' 


0.505 


0.505 


0.0210 
0.0211 


0.0197 
0.0188 
0.0198 
0.0200 
0.0199 
0.0210 
0.0206 
0-0214 


0.0491 


0.0568 
0.0539 
0.0508 
0.0482 
0.0459 
0.0437 
0.0413 
0.0394 
0.0376 


0.0237 


0  0242 
0  0242 
0.0241 
0.0240 
0.0236 

0.0230 
0.0228 
0.0224 
0.0221 
0.0214 
0.0209 
0.0201 
0.0185 
0.0189 
0.0181 
0.0176 
0.0172 
0.0166 


Name  of  the  Experimenter, 
etc.,  and  Nature  of  the 
Pipe. 


Fanning. 

Wrought-iron 
lined  pipe.. 


cement 


Bru6H. 


Cast-iron  pipe,  coated 
}■  with  tar,  in  service  five 
!      years 


J 


Bailey. 


Cast-iron  pipe,  tubercu- 
lated,  in  service  two 
years 


Babrach. 


Cast-iron  pipe,  in  service 
•"     eleven  years 


Simpson.   • 

Cast-iron  pipe,  in  service 
two  or  three  years. . . . 


Dabbach. 

New  cast-iron  pipe.    The 
head  due     to    friction 
does  not  include  the  re 
sistance  of  two  check 
valves  which  were  on 
this  pipe 


Cast-iron  pipe,  in  service 
two  years.  The  head 
due  to  friction,  does 
not  include  the  resist 
ance  of  four  check 
valves  which  were  on 
this  pipe 


a 

u 

CO 


o 


20 
20 


20 
20 
20 
20 
20 
20 
20 
20 


26 


26 
26 
26 
26 
26 
26 
26 
26 
26 


21 


21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 


■  The  heads  of  this  authority  are  those  due  to  friction  only. 
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No. 


497 
498 
499 
500 
501 
502 
503 
504 
505 
606 
607 
508 
509 
510 
511 
512 


613 
514 
515 
616 


617 


518 
519 
620 


ft 


30.00 


486 
487 
488 
489 
490 
491 
492 
493 
494 
495 


496  36.00 


36.00 


48.00 


48.00 


90.00 


w 


4.04 
4.62 
5.20 
5.78 
6.35 
6.93 
7.51 
8.09 
8.66 
9.24 


20.22 


3.45 

4.03 

4.61 

5.19 

5.77 

6  35 

13.00 

13.28 

13.57 

13.86 

14.15 

14.44 

14.73 

15.01 

15.30 

15.59 


0.66 
1.24 
2.13 
3.23 


5.00 


3.68 
3.98 
4.17 


a 

£> 


4400.00 


11217.00 


3700.00 


12400.00 


1747.20 


5280.00 


7166.00 


. 

a 

a 

n 

"-> 

o 

>> » 

■+J 

rl> 

o 

h 

o 

QJ 

m 

P< 

1,07 
1.21 
1.34 

1.48 
1.61 
1.75 
1.88 
2.02 
2.15 
2.29 


3.00 


1.58 
1.74 
1.89 
2.05 
2.21 
2.37 
1.00 
1.11 
1.22 
1.33 
1.44 
1.56 
1.67 
1.78 
1.89 
2.00 


2.62 
3.74 
4.97 
6.20 


3.46 


3.77 
3.80 
3.93 


0.505 


c. 


0.1283 
0.1160 
0.1053 
0.0966 
0.0892 
0  0828 
0.0772 
0.0^24 
0.0681 
0.0644 


0.0383 


0.0716 
0.0687 
0.0669 
0.064O 
0.0614 
0.0586 
0.2013 
0.1668 
0.1402 
0.1208 
0.1050 
0.0926 
0.0S22 
0.0739 
0.0667 
0.0604 


0.0120 
0.0131 
0.0128 
0.0124 


0.0204 


0.0174 
0.0186 
0.0182 


Name  of  the  Experimenter, 
etc.,  and  Nature  of  the 
Pipe. 


Daeeach. 


Cast-iron  pipe,  in  service 
nine  years 


Gbeene. 

Cast-iron     pipe, 
tuberculated  .. 


heavily 


Dareach. 


Cast-iron  pipe,  in  service 
seven  years 


Cast-iron  pipe,  in  service 
seven  years 


Stearns. 

Cast-iron  pipe,  coated 
with  coal-tar,  in  service 
three  years 


Gale. 


Cast-iron  pipe,  coated  with 
coal-tar,  in  service  eight 
years 


Clarke. 


Bricli  tunnel . 


a 

u 


O 


28 


28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 


21 
21 
21 


21 


22 
22 
22 


*  The  heads  of  this  authority  are  those  due  to  friction  only. 
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DESCRIPTION   OF    THE    EXPERIMENTS    THE    RESULTS    OF 
WHICH  ARE  CONTAINED  IN  TABLE  NO.  1. 

All  of  the  experiments  that  were  made  under  the  direction  of  one 
authority  are  described  together,  and  each  description  is  preceded  by 
the  title  of  the  work  or  publication,  from  which  the  information  upon 
which  it  is  based,  was  obtained. 

Experiments  of  Bossut. 

''  Traite  tMorique    et    experimental    d'' Hydro-dyyimnique"    hy    the   Abbe 

Bossut,  Paris,  1786. 

The  twenty-nine  ex^jeriments  were  made  under  the  direction  of  the 
Abbe  Bossut,  an  eminent  French  geometer,  Professor  of  Mathematics 
in  tlie  School  of  Engineers  at  Mezieres,  and  Member  of  the  Academy 
of  Sciences,  with  lead  pipes,  1.07,  1.42  and  2.14  inches  in  diameter, 
which  in  all  cases  discharged  into  the  open  air.  Their  tabular  numbers 
are,  1.07  inch,  104  to  105;  1.42  inch,  146  to  160  inclusive;  2.14  inch, 
238  to  249  inclusive. 

Those  numbered  iii  Table  No.  1,  104  and  105,  146  to  157,  and  238  to 
249  inclusive,  were  included  in  the  fifty-one  exjieriments  that  were  used 
by  Prony  in  determining  his  formula,  and  were  made  with  straight 
pipes.  These  pipes  were  suj^plied  with  water  from  a  closed  metal  box 
1  foot  square,  that  was  connected  by  a  pipe  about  8  inches  in  diameter 
with  a  supply  reservoir,  in  which  the  water  was  maintained  at  a  con- 
stant elevation. 

The  other  experiments  that  were  made  by  M.  Bossut,  which  are 
numbered  in  Table  No.  1,  158  to  160  inclusive,  were  made  with  a  pipe 
1.42  inches  in  diameter  that  was  laid  on  an  incline  of  6°  80'.  The 
upper  ead  of  the  pipe  was  connected  with  a  suj^ply  reservoir,  in  which 
the  water  was  kept  at  a  constant  head  of  about  0.89  feet  above  the 
center  of  the  inlet  end  of  the  pipe;  this  head  being  equivalent  to 
the  head  due  to  the  velocity,  and  the  loss  arising  from  contraction  at 
the  inlet  of  the  pipe.  Three  separate  lengths  of  pipe  were  used  in 
making  these  experiments,  the  inclination  being  the  same  in  each 
instance. 

Experiments  of  Bailey. 

"  The   Brooklyn   Water   Wo7'Jcs   and  Sewers,"   by   James   P.    Kirkwood. 

New  York,  1867. 

This  experiment  was  made  by  George  H.  Bailey,  C.  E.,  with  a  com- 
pound cast-iron  main  29  715  feet  long,  belonging  to  the  Jersey  City 
Water  Works.     Its  tabular  number  is  457. 

"This  main  was  20  inches  in  diameter  for  a  length  of  29  587  feet, 
and  24  inches  in  diameter  for  a  length  of  128 '  feet.     It  connected  the 


24  WESTON    ON   FLOW    OF    WATER   IN    PIPES. 

receiving  with  the  distributing  reservoir,  and  at  the  time  the  experi- 
ment was  made  is  said  to  have  been  from  one  to  two  years  old.  The 
head  was  ascertained  by  leveling  between  the  reservoir  surfaces,  and  the 
flow  was  measured  by  the  lowering  of  the  surface  of  the  water  in  the 
feeding  reservoir. 

Six  experiments  were  really  made,  but  their  average  only,  as  pub- 
lished by  Mr.  Kirkwood,  is  given  in  Table  No.  1,  and  the  diameter  was 
used  by  the  writer  as  20  inches  for  the  entire  length  of  the  pipe,  in 
computing  the  co-efficient  of  friction  C- 

Experiments  of  Bkush. 

"  Transactions  of  the  American   Society  of  Civil  Engineers  "  Vol    XIX, 

1888. 

The  eight  experiments  were  made  under  the  direction  of  Charles  B. 
Brush,  M.  Am.  Soc.  C.  E.,  with  a  cast-iron  pumping  main,  20  inches  in 
diameter  and  75  000  feet  long,  belonging  to  the  Hackensack  Water  Com- 
pany.    Their  tabular  numbers  are  449  to  456  inclusive. 

This  main  was  laid  along  by  the  side  of  railroads,  and  in  highways, 
with  a  large  number  of  summits,  angles  and  curves.  Among  the  hori- 
zontal bends  there  were  four  right  angles  and  ten  quadrants  of  about 
30  feet  radius.  It  had  been  in  service  about  five  years  when  the  experi- 
ments were  made,  and  there  was  not  any  oxidization  upon  the  interior 
surface.  The  pipes,  when  new,  were  coated  in  the  usual  way  with  tar. 
A  pressure  gauge  was  used  in  determining  the  head.  The  flow  of  water 
■was  measured  by  the  displacement  of  the  pump  plungers  of  a  Wortli- 
ington  pumping  engine,  5  per  cent,  having  been  allowed  for  slip.  The 
average  delivery  of  the  main  was  about  4  000  000  gallons  per  day,  but 
200  000  of  this  amount  was  supplied  from  the  main  to  consumers,  before 
the  balance  reached  the  reservoir,  100  000  gallons  being  taken  at  a  point 
13  500  feet  from  the  j)umi3ing  station,  and  the  remaining  100  000  at  a 
point  70  000  feet  from  the  pumping  station.  The  "effective"  head 
ranged  from  55  to  135  feet  according  to  the  quantity  of  water  flowing 
in  the  main.  The  head  given  in  Table  No.  1  is  the  frictional  head  per 
1  000  feet  as  given  by  Mr.  Brush. 

Bonn  Water  Works  Experiments. 

"^ Hydraulics  "  by  HamiUon  Smith,  Jr.,  3L  Am.  Soc.  G.  E.     New   York, 

1886. 

The  experiments  were  made  with  a  new  cast-iron  force  main,  coated 
with  asphaltum,  12. 48  inches  in  diameter  and  17  684  feet  long,  belonging 
to  the  Bonn  Water  Works.  Their  tabular  numbers  are  397  to  404  in- 
clusive. 
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The  pipe  was  "supplied  by  pumps  at  the  lower  end;"  it  had  "no 
obstructions  of  consequence,  such  as  valves  or  sharp  bends."  The  dis- 
charge ' '  was  determined  by  absolute  measurement  in  a  reservoir,  and 
also  by  capacity  of  the  plungers  of  the  pumps;  the  two  measurements 
agreed  closely.  Owing  to  the  disturbed  condition  of  the  surface  of  the  ' 
water  in  the  reservoir  "  the  quantity  "  was  probably  not  very  accurately 
determined.  The  head  was  determined  by  manometers  at  the  pumps 
(probably  Bourdon  gauges  attached  to  the  air-chambers  of  the  two 
pumps).  There  was  a  small  amount  of  air  in  the  pipe,  which  may  have 
affected  accuracy  of  results." 

EXPEEIMENTS   OF   CotJPIjET. 

'' Recherches  sur  le  Mouvement  des  Eaicx,"  hy  M.  Couplet,  Memoirs  of  (he 

Academy  of  Sciences,  1732, 

Of  the  fifteen  experiments  that  were  made  at  Versailles  under  the 
direction  of  M.  Couplet,  the  writer  has  selected  only  six  of  the  seven 
that  were  included  in  the  fifty-one  experiments  that  were  used  by  Prony 
in  determining  his  formula.  The  six  exiDeriments  were  made  with  a 
pipe  5.33  inches  in  diameter  and  7481.7  feet  long;  for  a  distance  of  about 
320  feet  the  pipe  was  of  stone-ware,  and  for  the  remaining  distance  of 
lead.     Their  tabular  numbers  are  309  to  314  inclusive. 

There  were  several  slight  turns,  and  one  quite  abrupt  one,  in  the 
pipe.  The  difference  between  the  elevation  of  the  supply  tank  and  the 
vertical  outlet  of  the  pipe  was  ascertained  by  connecting  a  temjjorary 
vertical  pipe  to  the  outlet,  and  allowing  the  quiescent  water  to  take  its 
liydrostatic  level.  The  flow  was  determined  by  dividing  the  discharging 
jet  of  water  into  two  parts,  and  measuring  each  one  separately  in  a  vessel 
having  a  capacity  of  about  0. 63  cubic  feet. 

EXPEKIMENTS   OP   ClARKE. 

"  Main  Drainage  Works  of  the  City  of  Boston,"  by  Eliot  G.  Clarke,  3f.  Am. 
Soc.  C.  E.     Third  Edition,  1888. 

The  experiments  were  made  under  the  direction  of  Mr.  Clarke,  with 
the  Main  Drainage  Tunnel  belonging  to  the  City  of  Boston,  which 
extends  under  the  harbor  from  the  mainland  at  Dorchester  to  Squantum 
Neck.  Mr.  Clarke  mentions  seven  experiments,  but  the  writer  has 
selected  only  tlie  three  during  which  the  flow  seems  to  have  been  deter- 
mined with  accuracy.     Their  tabular  numbers  are  518  to  520  inclusive. 

The  tunnel  is  circular  in  form,  90  inches  in  diameter,  7  166  feet  long, 
and  lined  with  hard  brick.  It  is  flushed  once  in  about  two  weeks  with, 
clean  salt  water,  by  utilizing  the  entire  pumping  capacity  of  the  engines. 
At  the  time  the  experiments  were  made  the  tunnel  was  flowing  full,  and 
the  volume  consisted  of  about  three-fourths  salt  water  and  one-fourth 
sewage. 
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The  flow  through  the  tunnel  is  generated  by  the  difference  in  level  of 
the  elevation  of  the  water  at  its  two  extremities.  This  difference,  which 
is  the  frictional  resistance,  was  carefully  ascertained  by  knife-edged 
sliding  gauges.  The  head  was  taken  a  short  distance  below  the  entrance 
of  the  tunnel  during  the  three  experiments,  in  order  to  avoid  a  correction 
for  entrance.  The  flow  was  measured  during  Experiment  No.  520,  by  the 
displacement  of  the  pump  plungers  of  the  pumping  engines,  allowance 
having  been  made  for  a  slip,  which  was  ascertained  by  trial  previous 
to  the  experiment  in  the  reservoir,  in  which  the  flow  during  Experiments 
Nos.  518  and  519  were  measured. 

The  section  of  the  tunnel  at  its  farther  end  increases  gradually, 
similar  to  a  diverging  tube,  which  somewhat  reduces  the  resistance, 
while  on  the  other  hand,  the  tunnel  has  a  quarter  turn  of  9.75  feet 
radius  and  one  angle  of  23°  15',  which  slightly  increases  the  resistance. 

Experiments  of  Daecx. 

"  Itechei'ches    experimentales   relatives    au  mouvement  de   VEau  dans   les 
Tuyaux,'^  by  Henry  Darcy,  Paris,  1857. 

The  experiments  were  made  under  the  direction  of  Henry  Darcy, 
an  eminent  French  Civil  Engineer,  while  he  had  charge  of  the  water 
service  of  the  City  of  Paris,  during  the  years  1849,  18^0  and  1851. 
They  will  be  described  at  a  considerable  length,  on  account  of  the  com- 
l^leteness  of  the  apparatus  that  was  used,  and  the  thorough  and  elabor- 
ate manner  in  which  they  were  conducted. 

The  synojjtic  table  on  page  27  gives  the  nomenclature,  etc. ,  of  the 
difi'erent  kinds  of  pipes  that  were  used  in  making  the  203  experiments. 

At  Chaillot,  where  the  experiments  were  made,  the  natural  facilities 
were  very  favorable.  In  a  northerly  direction  from  the  building  con- 
taining the  pumping  machinery,  which  was  located  on  the  north  bank 
of  the  Seine,  there  was  a  circular  sheet-iron  tank,  having  a  cajiacity  of 
105  677  gallons,  elevated  about  134.50  feet  above  the  ground  .where  the 
experimental  plant  was  set  up.  In  the  same  direction  there  were  also  four 
large  reservoirs  of  difi'ereut  elevations,  which  could  be  connected  with 
each  other  or  isolated  at  will,  each  having  a  capacity  of  873  589  gallons; 
their  respective  elevations  were  77.10  feet,  81.70  feet,  83.99  feet,  and 
86.95  feet. 

The  circular  tank  was  supplied  by  the  pumping  machinery  through 
a  conduit  9.84  inches  in  diameter,  and  the  foiir  reservoirs  were  supj)lied 
from  the  same  source  through  a  conduit  25.59  inches  in  diameter. 

In  the  rear  of  the  building  containing  the  jDumping  machinery  there 
was  a  cistern,  suitable  for  measuring  large  quantities  of  water,  which 
was  ordinarily  used  to  receive  condensation  water. 
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The  water  used  iu  making  tlie  experiments  was  taken  from  the  25. 5& 
and  9.84-inch  conduits,  at  a  point  about  325  feet  north  of  the  pump 
building.  A  vertical  pipe  of  the  same  diameter  as  the  conduit,  aud  of 
suitable  length,  was  connected  to  the  25.59-inch  conduit;  there  was  con- 
nected at  a  right  angle,  to  the  uj^per  part  of  this  vertical  jiipe,  a  conduit 
11.81  inches  in  diameter;  upon  the  11.81-inch  conduit  there  was  a 
gate  about  3  feet  from  the  vertical  pipe;  two  lead  pijjes  0.55  and  1.61 
inches  in  diameter  were  arranged  as  connections  between  the  vertical 
pipe  and  the  11.81-inch  conduit,  beyond  the  gate.  The  9.84-inch  con- 
duit was  also  connected  with  the  11.81-inch  conduit,  beyood  the  gate, 
by  a  lead  pipe  1.06  inches  in  diameter.  Each  of  these  small  pipes  was 
supplied  with  a  stop-cock. 

When  the  four  large  reservoirs  were  used,  and  small  volumes  required, 
the  water  was  taken  through  the  0.55-inch  pipe,  its  stop- cock  having 
been  opened  more  or  less,  dependent  upon  the  requirements  of  the 
experiments;  if  the  flow  was  not  sufficient  through  this  pipe  it  was  shut 
off  and  the  1.61-inch  pipe  brought  into  service,  which  in  due  course  was 
abandoned  for  the  11.81-inch  conduit. 

In  this  manner  all  the  heads  were  utilized  that  could  be  furnished  by 
the  reservoir  having  the  lowest  elevation,  which  was  maintained  at  a 
constant  level  by  means  of  the  water  that  was  contained  in  the  three 
others  more  elevated. 
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To  obtain  greater  heads,  commnnication  was  established  with  the 
sheet-iron  circular  tank,  by  opening  the  stop-cock  on  the  1.06-inch  pipe, 
through  which  the  water  passed  from  the  9.  Si-inch  conduit,  which  was 
supplied  by  this  tank. 

About  48  feet  beyond  the  gate  the  11.81-inch  conduit  was  connected 
with  a  horizontal  cast-iron  cylinder  11.50  feet  long,  and  3.28  feet  in 
diameter. 

The  horizontal  cylinder  formed  an  intermediate  reservoir,  and  was 
intended  to  deaden  the  velocity  of  the  water  before  it  entered  the  expe- 
rimental conduits.  Jfl.  the  interior  there  was  a  vertical  sheet-iron  dia- 
phragm perforated  with  holes,  throiigh  which  the  water  passed  after  its 
entrance  from  the  11.81-inch  conduit.  One  end  of  the  cylinder  consisted 
of  a  semi-circular  cap,  and  the  other  of  a  vertical  plate  to  which  the 
experimental  conduits  were  connected. 

The  conduits  used  in  making  the  experiments  were  laid  upon  blocks 
of  masonry,  on  an  incline  inverse  to  the  flow,  in  order  to  more  easily  free 
them  from  air. 

The  outlet  end  of  each  conduit  discharged  under  water  and  was  con- 
nected to  the  lower  part  of  one  of  two  vertical  cast-iron  cylinders.  The 
bottoms  of  the  cylinders  were  closed  and  the  tops  open.  Each  conduit 
had  a  gate  or  stop-cock  located  upon  it  at  a  short  distance  from  where  it 
entered  its  res^Dective  cylinder.  These  outlet  cylinders  were  not  of  the 
same  size,  the  larger  was  5.30  feet  in  diameter  and  10.93  feet  high,  and 
the  smaller  was  1.05  feet  in  diameter  and  6.56  feet  high.  Only  one  of 
them  was  used  at  one  time,  the  size  depending  upon  the  diameter  of  the 
conduit  being  experimented  upon,  and  the  volume  of  water  flowing.  A 
double  communication  was  established  between  the  large  cylinder  and 
the  gauging  basins;  one  of  these  communications  was  composed  of  a 
pipe  4  inches  in  diameter,  which  served  to  carry  the  water  to  a  small 
gauging  basin  when  small  volumes  were  used;  the  other  consisted  of  a 
notch  2.62  feet  wide  and  1  foot  deep,  at  the  top  of  the  cylinder,  into 
which  was  fitted  a  wooden  channel  which  carried  the  water  to  the  large 
gauging  basins  in  the  rear  of  the  pump  building;  the  4-inch  pipe  was  con- 
nected at  a  lower  elevation  than  the  channel,  and  when  the  capacity  of 
the  small  gauging  basin  was  insufficient,  the  inlet  was  stopped  with  a 
wooden  plug,  and  the  water  rose  in  the  cylinder  and  escajied  by  the 
channel.  The  water  which  entered  the  small  cylinder  was  conducted  to 
one  of  three  small  gauging  basins,  dependent  iipon  the  volume  of  water 
flowing,  by  means  of  a  pipe  3.19  inches  in  diameter;  this  pipe  had  a 
movable  elbow  by  which  the  water  could  be  directed  into  either  of  the 
three,  at  will. 

Seven  gauging  basins  could  be  employed  for  measuring  the  water 
discharged  by  the  experimental  conduits.  In  order  to  be  described 
more  clearly,  these  basins  will  be  numbered  1,  2,  3,  4,  5,  6  and  7.  Basins 
Nos.  1,  2,  3  and  4  were  formed  by  masonry  division  walls,  which  were 
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located  in  the  large  rectangular  cistern  in  the  rear  of  the  pnmp  building;. 
one  wall  divided  the  cistern  into  two  equal  parts,  and  another  subdivided 
the  one  of  these  parts  nearest  to  the  pump  biiilding;  by  this  arrange- 
ment there  were  available  three  basins,  Nos.  1  and  2  each  having  an 
area  about  one-fourth  of  the  total  area  of  the  cistern,  and  No.  3  having 
an  area  about  one-half  of  the  total  area  of  the  cistern;  the  wooden  channel 
emptied  into  No.  1,  which  was  located  nearest  to  the  vertical  outlet 
cylinders;  No,  4  w^as  composed  of  the  upper  jiart  of  the  cistern,  from 
the  level  of  the  summit  of  the  dividing  walls  to  a  point  about  8.20  feet 
above  these  walls. 

Two  float  gauges,  located  in  Nos.  1  and  3,  were  used  to  measure 
the  height  of  the  water.  Basins  Nos,  1,  2  and  3  drained  into  the  Seine, 
and  could  be  connected  or  isolated  at  will;  measurements  were  not 
made  in  Nos.  1,  2  and  3  until  the  water  had  covered  their  inverts,  and 
not  in  No.  4,  which  was  used  only  in  making  experiments  with  conduits 
of  the  largest  diameter,  until  the  water  had  reached  a  level  above  the 
division  walls.  Great  care  was  taken  in  ascertaining  the  capacity  of 
these  basins,  and  in  determining  the  amount  of  water  that  was  lost  by 
filtration  and  leakage  from  them;  the  amount  lost  in  this  way,  however, 
was  generally  very  insignificant. 

The  small  gauging  basins  Nos,  5,  6  and  7,  which  were  located  quite 
near  the  outlet  cylinders,  were  vertical  cylinders  with  open  tops;  Nos, 
5  and  6  were  made  of  cast-iron,  and  No.  7  of  lead;  they  all  had  stop- 
cocks or  iJlugs,  conveniently  arranged  for  letting  out  the  water  after  each 
experiment.  On  the  outside  of  each  there  was  adjusted  a  glass  tube, 
which  was  connected  with  the  interior,  for  measuring  the  elevation  of 
the  water,  which  w^as  accomplished  by  placing  a  scale  about  6.50  feet 
long  against  the  tubes.     Their  respective  diameters  and  heights  were  as 

follows : 

Diameter.  Height. 

No.  5 3.15  feet 7.45  feet. 

No.  6 1.08    "   8.20    " 

No,  7 0.33    " 8.20    " 

Five  water  and  five  mercurial  manometers  were  used  to  determine 
the  heads,  and  each  set,  to  facilitate  description,  will  be  numbered  1,  2, 
3,  4  and  5.  (In  reality,  however,  there  were  but  four  difierent  mano- 
metric  tubes,  etc.,  as  Nos.  3  and  4  consisted  of  one  tube,  etc.,  which 
was  connected  to  the  experimental  conduits  at  two  different  i^oints,) 
They  were  all  set  up  against  one  jjost,  which  was  located  about  half  way 
between  the  horizontal  inlet  and  vertical  outlet  cylinders,  in  order  to  be 
able  to  compare  their  indicated  results  without  a  possibility  of  error. 
The  manometers  were  connected  at  different  points  to  the  experimental 
conduits,  and  to  the  horizontal  cylinder,  by  lead  pij^es  0.55  inches 
in  diameter,  which  were  laid  upon  planks  placed  upon  the  masonry 
blocks  that  support  the  experimental  conduits.  A  ladder  was  erected 
by  the  side  of  the  post  for  convenience  in  observing  the  manometers. 
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Small  closed  reservoirs  of  a  capacity  of  about  0.6  of  a  cubic  foot  were 
established  upon  the  0.55  inch  manometer  i^ipes  near  their  junctions 
■with  the  experimental  conduits,  with  the  exception  of  the  pipe  connect- 
ing manometer  No.  5,  the  reservoir  of  which  was  located  near  the  foot 
of  the  manometer  post;  in  the  upper  part  of  these  reservoirs,  as  well  as 
at  the  highest  points  of  the  0.55-inch  pipes,  the  experimental  conduits, 
the  manometers,  and  the  horizontal  cylinder,  air  vents  were  established. 

Water  manometers  were  employed  for  all  heads  that  did  not  exceed 
19.69  feet,  and  mercurial  manometers  for  heads  above  19.69  feet. 

The  water  manometers  were  adjusted  upon  a  vertical  i^lank  graduated 
to  millimeters,  which  was  fastened  to  the  front  of  the  post  facing  the 
experimental  condiiits. 

Each  water  manometer  consisted  of  a  vertical  glass  tube  about  18  feet 
in  length,  formed  by  joining  together  in  a  copper  fitting,  with  gum-lac, 
two  glass  tubes  about  9  feet  in  length.  They  were  all  operated  in  the 
same  manner,  and  had  stop  cocks  at  their  junctions  with  the  0,55  inch 
connecting  pipes. 

The  mercurial  manometers  were  adjusted  ui^on  two  vertical  planks 
graduated  to  millimeters,  which  were  erected  behind  the  post;  they  were 
connected  to  the  same  0.55  inch  lead  jDipes  that  served  as  connections 
between  the  water  manometers  and  the  experimental  conduits;  and  stoj)- 
cocks  were  so  arranged  that  either  the  water  or  the  mercurial  mano- 
meters could  be  used  at  will. 

Each  mercurial  manometer  consisted  of  the  following  combination.  A 
straight  lead  pipe  rose  to  a  height  of  about  6.30  feet  above  the  bottom  of 
the  graduated  plank;  one  end  of  a  copper  tube,  about  4  inches  long,  was 
connected  at  a  right  angle  with  the  upper  end  of  the  lead  pipe  by  an 
elbow;  a  glass  tube  of  the  same  length  as  the  lead  pipe  was  connected  at 
a  right  angle  with  the  other  end  of  the  copjDer  tube  by  an  elbow,  and  ran 
down  in  a  direction  jDarallel  to  the  lead  pipe  to  the  bottom  of  the  j^lank; 
one  end  of  an  iron  tube,  about  4  inches  long,  was  connected  at  a  right 
angle  with  the  lower  end  of  the  glass  tube;  a  second  glass  tube  about  9 
feet  iu  length  was  connected  at  a  right  angle  with  the  other  end  of  the 
iron  tube,  by  an  elbow,  and  ran  up  parallel  to  the  other  glass  tube  and 
the  lead  pipe  to  the  top  of  the  plank.  The  iron  tube  had  connected  to 
its  lower  side  a  rubber  pocket,  containing  mercury,  which  was  intro- 
duced by  pressure  into  the  two  glass  tubes  ;  this  pocket,  which  had  a 
stop-cock  upon  its  connection  with  the  iron  tube,  also  served  to  receive 
the  mercury  when  it  was  necessary  to  discharge  the  manometer.  The 
copper  tube  had  a  stop  cock  connected  to  its  upper  side  over  the  shorter 
glass  tube,  to  allow  the  introduction  of  a  wire  when  it  was  necessary  to 
free  the  tube  of  air.  The  joints  of  the  lead  pipe  and  glass  and  metal 
tubes  were  made  respectively  of  solder  and  gum-lac. 

Manometer  No.  5  was  connected  to  the  horizontal  cylinder,  or  inter- 
mediate reservoir,  near  its  outlet  end.     Manometer  No.  4  was  connected 
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to  the  experimental  conduits  quite  near  the  horizontal  cylinder.  The 
difference  between  the  readings  of  manometers  Nos.  5  and  4,  when  small 
conduits  were  being  used,  gave  the  approximate  loss  of  head  due  to  the 
entrance  of  the  water  into  the  conduits  from  the  horizontal  cylinder, 
l^lus  the  head  due  to  the  velocity  in  the  conduits.  Manometer  No.  3 
was  connected  to  the  lead  conduits  7.09  feet  from  the  horizontal  cylinder, 
and  to  the  other  conduits  (with  the  exception  of  those  of  glass,  the  dis- 
tance for  which  is  not  given  by  Mr.  Darcy),  from  13.68  to  19.29  feet  from 
the  horizontal  cylinder.  By  au  arrangement  of  cocks  and  connections, 
one  0.55  inch  lead  connection  pipe  served  for  both  manometers  Nos.  3 
and  4.  Manometer  No.  2  was  connected  to  all  of  the  experimental  con- 
duits 164.05  feet  from  No.  3,  with  the  exception  of  those  of  lead  and 
glass,  which  were  connected,  respectively,  82.03  and  76.41  feet  from  No.  3. 
Manometer  No.  1  was  connected  to  all  of  the  experimental  conduits 
164.05  feet  from  No.  2,  with  the  excejitiou  of  those  of  lead  and  glass, 
which  were  connected,  respectively,  82.03  and  69.79  feet  from  No.  2.  The 
distance  from  manometer  No.  1  to  the  vertical  outlet  cylinders  was  upon 
the  lead  conduits  about  16.41  feet,  and  upon  the  others,  with  the  excep- 
tion of  the  glass  conduit,  from  14.60  to  19.85  feet. 

At  first  sight  manometer  No.  2  might  not  seem  necessary,  but  it  ren- 
dered great  service  during  the  experiments  as  a  check  upon  Nos.  1  and 
3,  as  well  as  in  detecting,  on  several  occasions,  disturbances  which  would 
have  materially  interfered  with  the  experiments,  and  which  probably 
would  not  have  been  known  but  for  this  supjjlementary  manometer. 
Far  instance,  all  things  being  equal,  the  difference  in  the  observations  of 
manometers  Nos.  1  and  2  should  be  the  same  as  the  difference  in  the 
observation  of  Manometers  Nos.  2  and  3.  In  actual  practice,  however, 
they  were  never  exactly  the  same,  as  a  slight  variation  in  the  mean 
diameter  of  the  conduit,  between  either  of  these  points,  would  cause  a 
slight  difference ;  but  under  these  circumstances,  as  the  difference  was 
always  in  the  same  sense  for  all  heads,  the  reason  was  readily  under- 
stood. When  these  conditions  were  not  fulfilled  it  was  generally  owing 
to  leaks  or  accumulations  of  air. 

There  was  also  placed  against  the  large  outlet  cylinder  a  graduated 
board  with  two  glass  tubes;  one  of  these  tubes  was  connected  with  the 
interior  of  the  cylinder,  and  indicated  the  height  of  the  water  that  it 
contained,  and  the  other  was  connected  to  the  experimental  conduit 
near  the  cylinder,  and  indicated  the  head  of  the  water  moving  in  the 
conduit. 

In  ail  computations,  the  difference  in  the  heights  indicated  by  man- 
ometers Nos.  1  and  3,  were  always  taken  as  the  losses  of  head,  and  the 
lengths  used  were  the  distances  between  the  points  where  these 
manometers  were  connected  to  the  experimental  conduits.  The  dis- 
tance between  Nos.  1  and  3  was  for  the  glass  conduit,  147.19  feet;  for 
the  lead  conduits,  164.05  feet,  and  for  all  the  other  kinds  of  conduits, 
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328.09  feet.  As  the  manometers  were  connected  at  the  joints  of  the 
glass  conduit,  it  was  not  i^ossible  to  make  the  distances  between  Nos.  1 
and  2  and  Nos.  2  and  3  the  same. 

The  absolute  heads  of  the  large  reservoirs  at  Ohaillot,  or  the  circular 
sheet-iron  tank,  were  used  during  the  greater  loortion  of  the  experi- 
ments. In  order  to  vary  the  head  for  each  experiment,  while  experi- 
mental conduits  of  large  diameter  were  being  used,  the  gate,  or  the  stop 
cock  of  the  branch  conduits  through  which  the  water  flowed  that 
supplied  the  horizontal  cylinder  at  the  time,  was  throttled.  This  could 
not  be  done  satisfactorily,  however,  when  exi^eriments  were  being 
made  with  small  conduits.  Two  new  apparatus  were  therefore  con- 
structed, for  makihg  the  experiments  with  the  glass  and  lead  conduits, 
and  with  the  wrought  iron  conduits  0.48  and  1.047  inches  in  diameter, 
by  means  of  which  reservoirs  were  formed  of  constant  elevation,  which 
furnished  the  different  heads  that  were  required. 

The  apparatus  which  was  used  with  the  wrought-iron  experimental 
conduits  consisted  of  a  cast-iron  column,  composed  of  flanged  pipes 
9.84  inches  in  diameter.  A  lead  pipe  0.55  inches  in  diameter,  which 
was  run  up  the  side  of  the  column  and  bent  over  the  toi?,  supplied 
the  water  while  the  experiments  were  being  made;  in  the  lower  jDart 
of  this  lead  pipe  a  cock  served  to  shut  o&  the  water  entirely,  or  to  mod- 
erate the  flow;  the  supply  could  also  be  regulated  by  means  of  a  cock 
in  the  horizontal  cylinder,  to  a  branch  of  which  the  other  end  of  the  pipe 
was  connected.  Another  lead  pipe,  1.06  inches  in  diameter,  was  connected 
to  a  small  branch  at  the  bottom  of  the  column,  and  ran  up  verti- 
cally by  the  side  of  the  column;  in  this  lead  pipe,  at  convenient  dis- 
tances apart,  there  were  branch  openings,  which  were  stopped  with 
wooden  plugs.  A  ladder  was  erected  by  the  side  of  the  column  in  order 
to  manouver  the  plugs.  When  it  was  necessary  to  operate  with  the 
least  head,  the  lower  plug  was  removed,  and  by  means  of  the  cock  in 
the  lower  part  of  the  lead  suj)i)ly  pipe,  the  arrival  of  the  water  was 
regulated  in  such  a  manner  as  to  allow  but  a  very  small  quantity  to 
escape  by  the  branch  opening  from  which  the  plug  had  been  removed, 
thereby  maintaining  a  supply  of  water  in  the  column  at  a  constant  level. 
In  order  to  maintain  a  higher  head,  one  of  the  upper  plugs  was  removed 
and  all  the  lower  openings  closed.  The  greatest  head  was  obtained  by 
closing  all  the  branch  openings  and  letting  the  water  flow  over  the  top 
of  the  column.  The  exi^erimental  conduits  for  which  this  apparatus 
was  constructed,  were  connected  to  the  lower  part  of  the  column  and 
had  a  regulator  cock  near  their  origin.  Manometer  No.  5  was  connected 
to  the  same  branch  as  the  1.06-inch  vertical  lead  pipe  with  the  different 
branch  openings. 

The  other  apparatus,  which  was  used  with  the  lead  and  glass  con- 
duits, was  constructed  by  taking  the  horizontal  cylinder,  3.28  feet  in 
diameter,  and  i^lacing  it  vertically  upon  its  semi-circular  end,  and  con- 
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necting  vertically  to  its  other  end  a  j^ortion  of  the  9.84  inches  cast-iron 
column  that  was  used  in  making  the  experiments  with  the  wrought-iron 
conduits.  In  order  to  create  at  will  reservoirs  of  different  levels,  a  suffi- 
cient length  of  the  lead  pipe  with  branch  openings  that  had  previously 
been  connected  to  the  cast  iron  column  Avas  connected  to  a  branch  at 
the  lower  end  of  the  cylinder.  Manometer  No.  5  was  connected  to  the 
same  branch  as  the  vertical  lead  pipe  with  branch  oisenings.  The 
supjjly  of  water  was  brought  from  the  large  conduits  that  formerly 
supplied  the  horizontal  cylinder,  by  a  lead  pipe  1.61  inches  in  diam- 
eter, which  was  connected  to  a  branch  on  the  side  of  the  cylinder 
opposite  to  the  branch  where  manometer  No.  5  and  the  vertical  lead 
pipe  with  branch  openings  were  connected;  there  was  a  stop  cock  on 
this  supply  pipe  near  its  connection  with  the  cylinder,  to  regulate  the 
flow  of  water.  The  experimental  conduits  for  which  this  apparatus 
was  constructed  were  connected  to  a  branch  in  the  front  of  the  cylinder, 
which  was  situated  about  half  way  between  the  branches  where  the 
supi^ly  pipe  and  vertical  lead  pipe  were  connected.  Each  experimental 
conduit  had  a  stop  cock  near  its  junction  with  the  cylinder  to  shut  oflf 
the  supply  of  water  when  necessary. 

The  experimental  conduits  of  wrought-iron,  lead  and  glass,  for  which 
the  two  apparatus  that  have  just  been  described  were  constructed,  dis- 
charged into  the  smallest  of  the  two  vertical  outlet  cylinders,  and  the 
general  arrangement  of  the  stop-cocks  and  manometers  upon  these  con- 
duits, with  the  exception  of  manometer  No.  5,  was  the  same  as  upon  the 
other  conduits. 

Genekal  Observations  Relating  to  Daecy's  Experiments. 

The  pipes  of  each  diameter  were  forced  as  close  together  as  possible, 
in  order  to  prevent  the  joints  from  interfering  with  the  flow  of  the  water. 

Before  commencing  the  experiments,  the  conduits  were  always  tested 
under  pressure,  and  if  any  leaks  were  discovered  they  were  immediately 
reijaired,  even  though  they  were  of  the  most  minute  description. 

After  the  conduits  were  in  position  the  manometers  were  connected, 
and  the  locations  of  Nos.  1,  2  and  3  were  determined  with  much  care. 
After  having  connected  manometer  No.  2  at  a  convenient  point  near  the 
manometer  jjost,  the  proper  distances  were  measured  off  above  and 
below  manometer  No.  2,  for  fixing  the  positions  of  manometers  Nos.  1 
and  3.  The  measurements  were  made  with  an  iron  rod  16.41  feet  in 
length. 

Upon  the  cast-iron  conduits  3. 15  inches  in  diameter  and  above,  the 
taps  or  stoji-cocks  of  the  0.55-inch  manometer  connecting  pipes  were 
screwed  into  the  cast-iron  at  right  angles  to  the  center  of  the  conduits. 
These  stop-cocks  were  filed  at  their  lower  ends  to  conform  to  the  curva- 
ture of  the  interior  of  the  conduits,  beyond  the  surface  of  which  they 
were  not  allowed  to  project. 
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Upon  the  conduits  less  than  3. 15  inches  in  diameter,  and  upon  the 
sheet-iron  conduits  coated  with  bitumen,  the  taps  or  stop- cocks  of  the 
manometer  connecting  pipes  were  soldered,  above  a  hole  from  0.08  to 
0.12  inches  in  diameter. 

The  condiiits,  the  stop-cocks,  the  joints,  the  air-cocks  6r  vents,  and 
the  manometers,  were  all  constantly  under  the  most  careful  supervision; 
it  was  frequently  necessary,  however,  notwithstanding  the  precautions 
taken,  to  make  some  of  the  experiments  over  a  second  time,  on  account 
of  a  small  leak  having  been  discovered  at  their  conclusion,  upon  some 
portion  of  the  apjiaratus. 

Before  commencing  the  experiments  upon  a  conduit,  the  manometers 
were  tested,  by  opening  their  stop-cocks  and  air  vents,  and  putting  the 
conduits  under  pressure.  Much  difficulty  was  always  experienced  when 
the  first  experiment  was  commenced,  in  freeing  the  manometer  i^ipes  of 
air,  and  it  was  frequently  necessary  to  let  the  water  flow  a  long  time 
under  the  greatest  possible  head  in  order  to  do  so.  During  the  experi- 
ments upon  the  conduit  0.48  inches  in  diameter,  one  entire  day's  work  was 
entirely  eliminated  on  this  account,  the  difficulty  being  finally  overcome 
by  letting  the  water  flow  all  night. 

In  order  to  be  certain  that  the  manometers  were  free  from  air,  the 
difference  of  the  readings  of  manometers  Nos.  2  and  3,  and  Nos.  1  and  2, 
were  compared.  These  differences,  as  has  been  previously  mentioned, 
should  be  nearly  equal,  when  the  water  was  flowing  in  the  conduits,  if 
the  manometers  were  working  properly.  Another  test  with  the  water 
at  rest,  was  also  made  at  times,  during  which  the  readings  of  all  the 
manometers  were  exactly  the  same  if  they  were  entirely  free  fi'om  air. 

Nearly  all  of  the  exijeriments  were  commenced  with  slight  heads. 
As  soon  as  the  desired  head  was  obtained,  pins  were  j^ut  into  the 
graduated  plank  to  mark  the  heights  of  the  manometers,  and  the  water 
was  allowed  to  flow  long  enough  to  acquire  its  normal  regimen.  When 
the  water,  or  mercury,  in  the  manometers  became  stationary,  proceed- 
ings were  taken  to  measure  the  discharge  of  the  conduit. 

The  same  person  observed  the  heights  of  all  the  manometers  when  it 
was  possible.  While  experiments  were  being  made  with  low  heads  the 
observer  was  required  to  remain  upon  the  manometer  ladder  the  whole 
of  the  time,  in  order  to  have  his  eyes  fixed  constantly  upon  the  mano- 
meters, and  if  a  noticeable  change  in  the  heights,  or  an  oscillation  of 
extraordinary  amplitude  was  observed,  the  experiment  was  commenced 
over  again. 

It  was  the  duty  of  the  person  detailed  to  observe  the  heights  of  the 
manometers  to  watch  carefully  the  conduits,  the  manometers  and  the 
other  apparatus,  in  order  to  be  assured  that  everything  was  working 
properly. 

Considerable  difficulty  was  experienced  in  making  the  experiments 
with  high  heads,  as  it  was  necessary  to  use  mercurial  manometers.     Two 
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consecutive  experiments  were  never  made  without  it  being  necessary  to 
repair  one  or  more  joints,  and  frequently  repairs  had  to  be  made  several 
times  during  the  same  experiment. 

In  order  to  verify  some  of  the  calculations  which  necessitated  the  use 
of  the  mercurial  manometers,  the  water  manometer  No.  1  was  always 
left  open,  and  No.  2,  also,  when  the  heads  were  not  too  great. 

Heights  of  water  were  thus  obtained,  with  which  the  heights  indi- 
cated by  the  mercurial  manometers  could  be  compared. 

The  highest  accuracy  was  always  maintained  in  measuring  the  dis- 
charge of  the  conduits,  and  the  same  watch  graduated  to  seconds  was 
nearly  always  used. 

The  time  consumed  in  making  each  experiment  ranged  from  135  to 
3  240  seconds;  it  was  rarely  less  than  240  seconds,  iiowever. 

Extraordinary  care  was  taken  in  determining  the  mean  diameter  of 
the  conduits. 

The  diameters  of  the  conduits  0.48,  1.05  and  1.56  inches  in  diameter, 
were  ascertained  by  means  of  the  quantity  of  water  that  they  were  able 
to  hold.  The  water  was  drawn  from  a  reservoir  of  well-determined  sec- 
tion, that  was  placed  in  an  elevated  position,  and  under  which  the  con- 
duits were  vertically  arranged  in  fractions  of  length. 

At  each  operation  account  was  kept  of  the  lowering  of  the  water  in 
the  reservoir,  and  the  jDroduct  of  the  sum  of  the  successive  lowerings  by 
the  section  of  the  reservoir  gave  a  cube,  which,  divided  by  the  lengths 
of  the  conduits,  gave  the  mean  section,  from  which  was  obtained  the 
mean  diameter. 

The  conduits  0.55,  1.06  and  1.61  inches  in  diameter,  of  drawn  lead, 
had  a  diameter  perfectly  well  established. 

The  sheet  iron  conduits,  coated  with  bitumen  of  1.06  and  3.25  inches 
in  diameter,  and  the  glass  conduit  of  1.96  inches  in  diameter,  were 
determined  by  the  first  process  described. 

When  the  diameters  of  certain  conduits  were  too  large  for  the  above 
process  to  be  easily  carried  out,  or  when  it  was  a  question  of  conduits  lined 
with  dejiosit,  the  diameters  were  ascertained  by  means  of  the  total  capa- 
cities of  the  conduits,  the  latter  being  in  place.  This  proceeding,  which 
was  followed  in  determining  the  diameters  of  the  sheet-iron  conduit 
coated  with  bitumen,  7. 72  inches  in  diameter,  and  the  cast-iron  conduits 
1.43,  3.15  and  9.63  inches  in  diameter,  was  carried  out  in  the  following 
manner: 

Fi7-sL — The  extreme  pipe  was  first  dismounted  (that  is  to  say,  the 
pipe  contiguous  to  the  feeding  horizontal  cylinder  at  the  head  of  the 
conduit,  and  towards  which  the  conduit  sloped),  thus  allowing  the  water 
to  flow  entirely  out  of  the  conduit. 

During  this  operation  the  gate  at  the  other  extremity  of  the  conduit 
near  the  vertical  outlet  cylinder,  was  kept  closed,  _the  cylinder  having 
been  previously  filled  with  water. 
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Second. — The  extremity  of  the  conduit  which  had  been  disconnected 
from  the  horizontal  feeding  cylinder  was  plugged.  At  the  extremity  of 
this  plug  a  curved  pipe  with  a  stop-cock  was  connected,  in  order  to 
allow  the  air  to  escajse,  while  the  conduit  was  being  filled  from  the  ver- 
tical cylinder  by  the  opening  of  the  gate. 

Care  was  taken  to  note  the  height  of  the  water  in  the  vertical  cylinder 
before  and  after  the  filling. 

A  stop-cock  to  facilitate  the  escape  of  air  was  placed  at  the  middle  of 
the  conduit. 

Third. — In  order  to  fill  the  conduit,  the  gate  near  the  vertical  outlet 
cylinder  was  opened,  and  two  observers,  one  of  whom  was  placed  at  the 
middle  of  the  conduit,  and  the  other  at  the  extremity  by  the  plug, 
closed  the  air-cocks  as  soon  as  the  water  appeared.  The  gate  was  then 
closed,  and  from  the  lowering  of  the  water  in  the  vertical  cylinder  the 
mean  section  of  the  conduit  was  determined,  from  which  was  calcu- 
lated the  mean  diameter. 

The  diameters  of  the  sheet-iron  conduit  coated  with  bitumen,  11.22 
inches  in  diameter,  and  the  cast-iron  conduits  3.22,  5.39,  7.40,  11.69  and 
19.69  inches  in  diameter,  were  obtained  by  direct  measurements. 

The  diameters  of  the  conduits  lined  with  deposit,  given  in  Table  No. 
1,  are  the  diameters  of  the  conduits  after  they  were  cleaned,  and  not  the 
diameters  used  by  Mr.  Darcy,  which  took  into  consideration  the  thick- 
ness of  the  deposit. 

Experiments  op  Dubuat, 

" Principes  d' HydrauUque,"   by  Chevalier  Dubuat,  Paris,  1786. 

Chevalier  Dubuat,  who  was  a  celebrated  French  Civil  Engineer, 
made  quite  a  number  of  experiments  with  various  sizes  and  lengths  of 
pipe.  The  writer,  however,  has  selected  only  the  eighteen  that  were 
included  in  the  fifty-one  experiments  used  by  Prony  in  determining  his 
formula,  which  were  made  with  a  tin  pipe  1.07  inches  in  diameter. 
Their  tabular  numbers  are  106  to  123  inclusive. 

The  pipes  used  in  making  the  eighteen  experiments  ajapear  to  have 
been  laid  straight,  and  discharged  sometimes  under  water,  and  some- 
times into  the  open  air. 

EXPEEIMENTS   OP   DaREACH. 

*'  Transactions  of  the  American  Society  of  Civil  Engineers,"  Vol.  VII,  1878. 

The  fifty-three  experiments  were  made  under  the  direction  of  C.  G^ 
Darrach,  M.  Am.  Soc.  C,  E.,  with  six  cast-iron  pumjaing  mains,  one  of 
20,  three  of  30,  and  two  of  36  inches  in  diameter,  belonging  to  the 
Philadeljihia  Water  Works.  The  pipes  were  coated  with  coal  tar  in  the 
usual  way,  before  being  laid. 

The  experiments  that  were  made  with  each  main  are  described  sep- 
arately, and  each  description  is  preceded  by  the  tabular  numbers  of  the- 
experiments  to  which  it  refers. 
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Pressure  gauges  were  used  in  determining  the  head. 

Twenty-inch. — Nos.  458  to  466  inclusive.  This  main  was  eleven 
years  old  when  the  experiments  were  made.  It  had  one  quarter  turn. 
The  flow  was  measured  by  the  displacement  of  the  pump  plungers  of  a 
Worthington  pumping  engine,  5  per  cent,  having  been  deducted  for 
slip.     The  presure  gauge  was  connected  with  the  pump. 

Thirty-inch. — Nos.  473  to  485  inclusive.  This  main  was  about  two 
years  old  when  the  experiments  were  made.  It  had  four  check-valves, 
the  weight  of  which  j^roduced  a  pressure  equivalent  to  1.8  pounds  per 
square  inch,  for  which  allowance  was  made  in  the  frictional  head  given 
in  Table  No.  1.  The  flt)w  was  measured  by  the  displacement  of  the 
pump  plungers  of  a  Cramp  pumping  engine,  5  per  cent,  having  been 
deducted  for  slip.  The  pressure  gauge  was  connected  with  the  air 
chamber. 

Thirty-inch. — Nos.  468  to  472  inclusive.  This  main  was  laid  the 
same  year  that  the  experiments  were  made.  It  had  one  quarter  turn. 
All  the  other  curves  had  a  radius  of  25  feet.  It  also  had  two  check- 
valves,  the  weight  of  which  produced  a  pressure  equivalent  to  1.3 
pounds  per  square  inch,  for  which  allowance  was  made  in  the  frictional 
head  given  in  Table  No.  1.  The  flow  was  measured  by  the  displace- 
ment of  the  jjump  j^lungers  of  a  Worthington  pumping  engine,  5  per 
cent,  having  been  deducted  for  slip. 

Thirty -inch. — Nos.  486  to  495  inclusive.  This  main  was  about  nine 
years  old  when  the  experiments  were  made.  It  had  one  curve  of 
short  radius.  The  flow  was  measured  by  the  displacement  of  the  pump 
plungers  of  a  Worthington  pumping  engine,  5  per  cent,  having  been 
deducted  for  slip.  The  i^ressure  gauge  was  connected  with  the  main 
outside  of  the  check- valve. 

Thirty-six-inch. — Nos.  497  to  502  inclusive.  This  main  was  seven 
years  old  when  the  experiments  were  made.  All  the  curves  had  a  radius 
of  25  feet.  The  flow  was  measured  by  the  displacement  of  the  pump 
plungers  of  a  Simpson  pumping  engine. 

Thirty-six-inch. — Nos.  503  to  512  inclusive.  This  main  was  seven 
years  old  when  the  experiments  were  made.  All  the  curves  had  a  radius 
of  25  feet,  with  one  exception,  when  90  degrees  were  turned  with  a 
y-pipe.  The  flow  was  measured  by  the  displacement  of  the  pump 
plungers  of  a  Worthington  pumping  engine,  5  jjer  cent,  having  been 
•deducted  for  slip.  The  pressure  gauge  was  connected  with  the  stand- 
pipe. 

Experiments  of  the  Edinburgh  Water  Company. 

*'  Excerpt  Minutes  of  the  Proceedings  of  the  Institution  of  Civil  Engineers,^* 

Vol.  XIV,  Session  1854-55. 
The  three   experiments  were  mentioned  by  Mr.  James  Leslie,  M. 
Inst.  C.  E.,  in  a  paper  on  the  flow  of  water  through  pipes,  conduits, 
etc.     Their  tabular  numbers  are  415  to  417  inclusive. 
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They  were  made  witli  the  Clointon  cast-iron  main  between  Clubbie- 
Dean  Reservoir  and  Castle  Hill.  This  main  was  16  inches  in  diameter 
and  eight  or  nine  years  old. 

One  exjDeriment  was  made  with  the  total  length  of  the  pipe,  29  580 
feet;  one  with  a  length  of  25  765  feet,  between  Torduff  Cistern  and  Castle 
Hill;  and  one  with  a  length  of  3  815  feet,  between  Clubbie-Dean  Reser- 
Toir  and  Torduflf  Cistern.  In  the  first  instance  fifteen  observations 
were  made,  in  the  second  twenty -five,  and  in  the  third  one. 

Experiments  of  Fanning. 

"  A  Pi'actical  Treatise  on  Hydraulic  and  Water  Supply  Engineering,''^  by 
James  T.  Fanning,  C.  E.      New  York,  1882, 

The  twelve  experiments  were  made  with  a  wrought-iron  cement-lined 
pipe,  20  inches  in  diameter,  and  8  171  feet  long.  Mr.  Fanning  does  not 
mention  the  manner  in  which  they  were  conducted.  Their  tabular  num- 
bers are  437  to  448,  inclusive. 

Experiments  of  Gale. 

"  Transactions  Institution  of  Engineers  in  Scotland,^'  Vol.  XII,  1869. 

The  experiment  was  made  under  the  direction  of  James  M.  Gale, 
M.  Inst.  C.  E. ,  with  a  cast-iron  main,  48  inches  in  diameter,  and  5  280 
feet  long,  that  conducted  a  supply  of  water  from  Loch  Katrine  to  the 
City  of  Glasgow.     Its  tabular  number  is  517. 

The  writer  is  indebted  to  Mr.  James  Forrest,  Secretary  of  the  Insti- 
tution of  Civil  Engineers,  for  the  following  additional  information: 
"  Mr.  Gale  informs  me  that  the  pipes  referred  to  in  his  paper  had  been 
at  work  for  eight  years  prior  to  the  date  of  the  observations.  Before 
being  laid  they  were  coated  by  the  late  Dr.  R  A.  Smith's  patent  process, 
and  this  coating  had  been  very  little  affected  by  rust  when  the  observa- 
tions wer3  made.  He  has  recently  seen  some  of  these  pipes  "  (August, 
1884),  ' '  and  finds  that  the  tubercles  inside  are  increasing  in  size  and  num- 
ber, and  he  has  no  doubt  that  the  discharge  is  falling  off.  The  quantity 
of  water  delivered  was  measured  over  a  weir  40  feet  wide,  in  four  bays 
of  10  feet  wide  each.  The  plates  were  of  cast-iron  brought  to  a  thin 
edge.     The  formula  used  was  cubic  feet  per  minute  =  214  A  y   h.  " 

Experiment  of  Greene. 

"  The  Brooklyn  Water  Works  and  Sewers,"  by  James  P.  Kirkwood.    New 

York.  1867. 

This  experiment  was  made  by  General  George  S.  Greene,  with  a  cast- 
iron  main,  36  inches  in  diameter,  and  11  217  feet  long,  belonging  to  the 
Brooklyn  Water  Works.     Its  tabular  number  is  496. 
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This  main  connected  the  receiving  with  the  distributing  reservoir. 
It  was  heavily  tuberculated,  and  had  three-quarter  circle  curves  of  90 
feet  radius  each. 

The  head  was  ascertained  by  leveling  between  the  reservoir  surfaces, 
and  the  flow  was  measured  by  the  lowering  of  the  water  in  the  upjjer  or 
feeding  reservoir. 

Experiment  of  Hodson. 

"  Hydraulic    Tables,  Co-efficients  and  Formidas,"  hy  John  Neville,  C.  E,, 

London,  1860-61. 

Mr.  Neville  states  that  the  results  of  this  experiment,  which  was 
made  with  a  pipe  1  inch  in  diameter  and  100  feet  long,  was  given  to  him 
by  Mr.  Hodson,  of  Lincoln. 

As  Mr.  Neville  used  0.352  as  the  co-eflBcient  of  influx  in  connection 
with  this  experiment,  the  writer  has  done  the  same. 

Experiments  of  Jardine. 
"  Brewster's  Encyclopcedia." 

The  experiment  was  made  with  a  lead  pipe  4^  inches  in  diameter,  and 
14  930  feet  long,  belonging  to  the  Edinburgh  Water  Works.  Its  tabular 
number  is  308. 

Mr.  Jardine  states  that  the  flow  through  the  pipe  was  \\^  cubic  feet 
per  minute,  for  the  years  1738-42.  The  velocity  given  in  Table  No. 
1  is  computed  from  these  data. 

Experiments  of  Leslie. 

^'  Excerpt  3finules  of  Proceedings  of  iJie  Institution  of  Civil  Engineers," 

Vol.  XIV,  Session,  1854-55. 

The  experiments  were  made  under  the  direction  of  James  Leslie,  M. 
Inst.  C.  E. 

Mr.  Leslie  made  sixty-four  experiments  with  new  lead  pipes  2i,  1| 
and  li  inches  in  diameter.  The  writer  has  selected,  and  included  in 
Table  No.  1,  only  twenty  of  the  thirty-eight  experiments  that  were  made 
with  pipes  2^  inches  in  diameter,  ranging  in  length  from  100  to  1  086  feet; 
these  experiments  were  simply  selected  so  as  to  include  velocities  from 
0.22  to  6.91  feet  per  second,  the  latter  velocity  being  the  highest  that 
was  obtained  with  these  lengths  of  pipe.  Their  tabular  numbers  are 
250  to  269  inclusive. 

The  experiments  were  commenced  with  a  pipe  1  086  feet  long;  "the 
pipe  was  afterwards  cut,  successively,  to  the  lengths  of  540,  270,  100,  25 
and  10  feet." 

"The  pipe  was  coiled  nearly  in  a  circle  of  90  feet  in  diameter, 
and  when  of   its    integral  or  full   length  it    made    four    revolutions. 
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Each  upward  curve  was  tapped  by  a  small  gimlet  hole,  into  which  a 
woodeu  plug  was  inserted;  these  were  all  taken  out  frequently  to  allow 
the  air  to  escape,  and  were  kept  out  until  only  water,  free  from  air, 
issued  from  the  orifice.  The  ends  of  the  pipe,  in  each  case,  were 
inserted  into  the  sides  of  two  cisterns,  each  measuring  2  feet  6  inches  by 
1  foot  3  inches,  and  2  feet  deep,  and  were  about  22  inches  below  the 
surface  of  the  water.  In  order  to  be  perfectly  assured  that  there  could 
be  no  mistake  in  the  levels,  the  two  cisterns  were  placed  quite  close 
together,  and  the  head  was  measured  by  the  difference  of  the  respective 
surfaces  of  the  water."  The  head  could  be  varied  at  will  by  raising  or 
lowering  the  upper  cistern,  which  was  supplied  with  water  by  a  pipe 
that  was  carried  up  over  the  top,  thence  nearly  to  the  bottom  of  the 
cistern.  The  water  overflowed  from  the  lower  or  outlet  cistern,  which 
was  fixed,  into  a  measuring  box. 

"The  pipes  were  carefully  joined  and  soldered,  so  as  to  have  no  internal 
obstruction,  with  the  exception  of  one  joint,  where  it  was  discovered, 
that  by  some  accident,  a  little  solder  had  got  inside  and  caused  a  slight 
obstruction.  The  extent  of  it  measured  only  about  one  twenty-fifth  i^arfc 
of  the  area  of  the  pipe,  and  would,  it  is  imagined,  be  so  trifling  as  not 
to  appreciably  affect  the  flow." 


Experiments  of  Lampe. 

" Der  Civilingenieur.''^     Vol.  XIX,  1873;  and  ^'Hydraulics,'*  by  Hamilton 
Smith,  Jr.,  M.  Am.  Soc.  C.  E.     New  York,  1886, 

The  four  experiments  were  made  with  a  16-iuch  main,  by  Professor 
Dr.  C.  J.  Lampe,  an  eminent  German  scientist.  Their  tabular  numbers 
are  418  to  421  inclusive. 

They  are  described  by  Mr.  Smith  as  follows:  "The  pipe  experi- 
mented upon  was  a  cast-iron  conduit,  which  conveyed  by  gravity  a 
supply  of  spring  water  to  the  Town  of  Danzig.  It  had  a  total  length  of 
46  352  feet;  the  lower  9  040  feet  in  length  had  a  considerably  steeper 
inclination  than  the  upper  portion,  so  there  were  two  hydraulic  grade 
lines;  the  four  experiments,  however,  were  made  upon  the  upper  portion 
of  the  pipe.  The  pipe  was  laid  in  1869;  it  had  three  curves,  each  of  10.3 
feet  radius,  and  a  number  of  very  easy  curves  as  it  followed  the  general 
contour  of  the  ground.  The  pipe  was  coated  with  a  j^atent  varnish 
which  did  not  apjireciably  diminish  its  section.  Examination  showed 
that  from  1869  to  1871  the  character  of  the  inner  surface  had  very  slightly 
changed;  the  only  material  adhering  to  the  surface  in  1871  could  be 
readily  removed  by  rubbing  with  the  finger,  there  being  no  signs  of 
rust.  The  joints  were  12  feet  in  length,  united  by  lead  and  hemp  pack- 
ings. There  were  twenty-six  air-cocks  attached  to  the  pipe  along  its 
course." 
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"Tlie  mean  velocity  was  ascertained  by  measuring  tlie  discharge 
"*    *    *    in  a  masonry  reservoir  situated  at  the  outlet  end  of  the  pij^e. 

"The  pressures  were  determined  by  connecting  a  quicksilver  mano- 
meter, first  with  one  of  the  air-cocks,  and  then  with  another ;  these 
pressure  determinations  were  not  synchronous  with  the  measurement; 
but,  in  some  instances,  several  days  apart.  As  in  none  of  the  four  ex- 
periments was  the  pipe  filled  at  its  inlet,  this  lack  of  synchronism 
appears  to  form  a  dangerous  source  of  error,  the  pipe  being  fed  by  the 
flow  from  springs,  whose  discharge  must  necessarily  have  been  more  or 
less  irregular.  Di".  Lampe,  however,  states  to  us  in  an  explanatory  letter, 
that  he  is  satisfied  no  serious  error  could  have  arisen  from  this  cause, 
there  having  been,  directly  preceding  or  during  these  intervals,  no  rains 
of  consequence  to  notably  aflfect  the  flow  from  the  feeding  springs;  sub- 
seqiient  readings  of  the  manometer,  shortly  after  these  intervals,  also 
verified  the  constancy  of  flow.  He  considers  that  errors  from  this  source 
will  not  change  the  given  results  more  than  one-half  of  1  per  cent. 

"Another  source  of  error  in  these  experiments  arises  from  the  fact 
that  the  pipe  had  two  hydraulic  grade  lines.  Although  the  several 
pressures  were  all  determined  above  the  anticlinal  point  at  which  these 
lines  united,  still  the  condition  of  the  pipe  was  more  or  less  unfavorable 
to  extreme  accuracy  of  observation,  as  the  sucking  or  siphon  action  as 
the  water  passed  over  the  summit  could  not  have  been  perfectly  regular, 
as  doubtless  the  amount  of  air  accumulating  at  this  summit  varied 
slightly  from  time  to  time  ;  the  consequent  intermittant  sucking  action 
of  the  water  as  it  flowed  below  this  summit,  hence  may  have  appreciably 
affected  the  nearest  piezometers." 

Experiments  op  Nevplle. 

"  Hydraidic  Tables  Co-efficients  and  Formulas,''^  by  John  Neville,   C.  E. 

London,  1860-61. 

Mr.  Neville  states  that  the  two  experiments  were  the  mean  results  of 
several  experiments  that  were  made  by  him  with  great  care,  with  a  pipe 
1.02  inches  in  diameter  and  9.29  and  19.20  feet  in  length.  Their  tabular 
numbers  are  59  and  60. 

Mr.  Neville  also  ascertained  that  the  co-efficient  of  contraction  of  the 
inlet  end  of  the  same  pipe  was  0.860,  which  corresponds  to  a  co-efficient 
of  influx  of  0.352.  This  value  was  used  by  the  writer  in  calculating  the 
co-efficients  of  friction  from  these  experiments. 

Experiments  of  Provis. 

*' Excerj)t  Minutes  of  Proceedings  of  the  Institution  of  Civil  Engineers." 

Vol.  II,  1838. 

The  experiments  were  made  under  the  direction  of  W.  A.  Provis, 
M.  Inst.  C.  E.,  with  lead  pipes  1.5  inches  in  diameter.     Thirty-seven  of 
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them  have  been  selected  by  the  writer.  Their  tabular  numbers  are  175 
to  211  inclusive. 

The  pipes  were  drawn  in  15  foot  lengths,  and  soldered  together  with 
care,  so  as  to  avoid  as  far  as  possible  any  interior  obstructions.  Into 
the  upper  end  of  the  pipe  was  inserted  a  stop-cock  of  similar  bore,  and 
from  this  cock  the  length  of  the  pipe  was  measured  ;  the  opposite  end 
of  the  cock  was  inserted  into  a  cistern  in  which  the  surface  of  the  water 
was  maintained  at  a  constant  elevation  during  each  experiment.  The 
flow  of  water  through  the  pij^es,  which  discharged  into  the  open  air, 
was  measured  in  a  tank  having  a  capacity  of  four  cubic  feet. 

Experiments  were  made  with  jaipes  100,  80,  60,  40  and  20  feet  long. 

The  co-efficient  of  influx  was  not  ascertained  by  Mr.  Provis,  and  the 
writer,  after  having  calculated  two  independent  sets  of  experimental  co- 
efficients of  friction  from  the  experiments  that  were  made  with  the  pipes 
100,  80  and  60  feet  long,  by  using  0.97  as  a  co-efficient  of  influx  in  one 
instance,  and  0.505  in  the  other,  finally  determined  to  work  out  co-effi- 
cients of  influx  and  loss  from  the  experiments  themselves.  This  was 
done  by  taking  the  data  of  the  experiments  made  with  the  pipe  20  feet 
long,  and  working  out  co-efficients  of  influx  and  loss  for  different  veloci- 
ties of  flow  for  this  length  of  pipe.  The  co-efficient  of  influx  and  loss 
thus  determined  were  used  in  calculating  the  experimental  co-efficients 
of  friction  of  the  experiments  which  were  made  with  pipes  100,  80  and 
60  feet  long,  as  a  slight  variation  in  its  value  one  way  or  the  other 
would  not  materially  affect  the  results  obtaiued  from  these  exiaeri- 
ments,  on  account  of  the  long  lengths  of  pipe  used,  and  their  low 
velocities  of  flow  ;  with  the  exj^eriments  made  with  the  pipe  40  feet 
long,  however,  there  seems  to  be  a  question  of  doubt,  consequently 
they  were  not  considered  by  the  writer.  The  values  of  the  experi- 
mental co-efficients  of  friction  obtained  by  using  this  latter  co-efficient 
of  influx  and  loss,  were  in  the  majority  of  cases  more  than  was  ob- 
tained by  using  as  a  co-efficient  of  influx  0.97,  and  less  than  was 
obtained  by  using  0.505.  The  lengths  and  heads  of  the  pipes  given  in 
Table  No.  1  are  therefore  less  than  those  given  by  Mr.  Provis  ;  the 
lengths  by  20  feet,  and  the  heads  by  an  amount  equivalent  to  the  loss  of 
head  due  to  contraction  at  the  entrance  of  the  stop-cock,  plus  the  loss  of 
head  due  to  friction  in  the  stop-cock,  and  in  a  length  of  pipe  20  feet  long. 

Experiments    of  Eobison. 

'■'■  Encyclopcedia  Britannica." 
The  experiment  is  mentioned  in  an  article  on  Rivers  by  Dr.  John 
Bobison,  as  having  been  made  with  a  pipe  2  inches  in  diameter,  and 
3  300  feet  long,  which  was  part  of  a  compound  pipe  that  was  used  to 
convey  water  from  a  spring  into  the  town  of  Haddington.  The  nature 
of  the  pipe  and  the  manner  in  which  the  experiment  was  conducted  is 
not  given.     Its  tabular  number  is  237. 
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Experiments  of  Rennie. 
"  Tr-aite  d' HydrauUque"  by  J,  F.  D'Aubuisson  de  Voisins. 

The  two  experiments  were  made  with  a  lead  pipe  0.5  inch  in  diam- 
eter and  fifteen  feet  long.     The  manner  in  which  they  were  conducted    . 
is  not  mentioned.     Their  tabular  numbers  are  28  and  29. 

Experiments  of  Simpson. 

"  Excerpt  Minutes  of  the  Proceedings  of  the  Institution  of  Civil  Engineers.'* 

Vol.  XIV,  Session  1854-55. 

The  eighteen  experiments  were  made  under  the  direction  of  the  late 
James  Simpson,  M.  Inst.  C.  E.,  with  pipes  12,  19  and  30  inches  in  diam- 
eter. Their  tabular  numbers  are:  12  inch,  390  to  396  inclusive,  19  inch, 
423  to  427  inclusive,  30  inch,  467. 

Table  No.  I  contains  substantially  all  that  Mr.  Simpson  mentioned 
in  regard  to  the  experiments.  The  following  additional  information, 
however,  was  furnished  to  the  writer,  in  reply  to  some  inquiries,  by 
Mr.  James  Forrest,  Secretary  of  the  Institution  of  Civil  Engineers: 

"  Mr.  Arthur  Telford  Simpson,  one  of  the  sons  of  the  late  Mr.  James 
Simpson,  informs  me  that  he  cannot  find  the  exact  dates  of  the  several 
experiments  on  the  flow  of  water  through  pipes  to  which  his  father  re- 
ferred in  the  discussion  at  their  institution  in  1855,  but  he  gives  the 
following  statement  of  the  time  when  the  mains  were  laid,  which  will 
serve  to  show  that  they  could  not  have  been  in  use  a  very  long  time." 


Diameter  in 

inches. 

Place. 

When  laid. 

12 
19 

Brixton  to  Streathani 

Belveflere  Road  to  Brixton        

1848 
1841 

12 

Livei  pool       

12 

Carlisle 

1850 

30 

Ditton  to  Brixton 

1852 

Experiments  of  Smeaton. 

''Practical  and  Experimeyital  Researches  in  Hydraulics,"  by  R.  A.  Pea- 
cock, C.E. 

The  sixteen  exiaeriments  were  made  by  John  Smeaton,  an  eminent 
English  Civil  Engineer,  with  a  pipe  1|^  inches  in  diameter,  and  100  feet 
long.  The  manner  in  which  they  were  conducted  and  the  nature  of  the 
l^ipe  that  was  used  are  not  mentioned. 

Their  tabular  numbers  are  124  to  139  inclusive. 
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Experiments  of  Smith. 
*'  Transactions  of  the  American  Society  of  Civil  Engineers."  Vol,  XII,  1883. 

The  experiments  were  made  under  the  direction  of  Hamilton  Smith, 
Jr.,  M.  Am.  Soc.  C.  E.,  with  pipes  of  various  kinds,  lengths  and 
diameters. 

The  writer  has  selected,  and  included  in  Table  No.  1,  only  forty-two 
of  the  seventy-one  experiments  that  were  made  by  Mr.  Smith.  Twenty- 
seven  of  the  remaining  twenty -nine  were  omitted  on  account  of  having 
been  made  with  small  pipes,  less  than  64  feet  in  length,  which  had  fun- 
nel shaped  inlets,  and  two  others  on  account  of  there  being  a  question 
of  doubt  in  regard  to  the  discharge  in  one  instance,  and  the  diameter  of 
the  pipe  used  in  the  other. 

The  fourty-two  exiaeriments  were  made  with  pipes  of  0.502,0.628, 
0.746,  1.054,  1.26,  10.93,  12.67,  14.76  and  16.99  inches  in  diameter. 

The  experiments  are  described  in  divisions,  which  are  preceded  by 
the  tabular  numbers  of  the  experiments,  to  which  they  refer. 

Nos.  365  to  369,  405  to  408  and  409  to  414,  inclusive  (10.93,  12.67  and 
14.76 inches),  "were  made  at  North  Bloomfield,  California,  with  their 
j)ipes  laid  side  by  side  across  a  ravine  about  100  feet  lower  than  the  pen- 
stock. They  were  made  of  single-riveted  No.  14  sheet-iron;  the  rivet 
heads  had  worn  jiretty  smooth,  and  no  deduction  for  them  was  made  in 
computing  the  areas.  The  pipes  had  been  carefully  coated  when  first  laid 
with  a  mixture  of  coal  tar  asphaltum,  and  their  interior  surfaces  at  the 
time  of  these  measurements  were  quite  smooth.  They  were  put  together 
in  slightly  conical  joints,  the  greatest  variation  in  diameter  being  about 
i  of  an  inch.  The  main  joints  were  some  20  feet  in  length,  put  to- 
gether stove-pipe  fashion,  as  is  always  done  in  the  California  hydraulic 
mines.  The  various  heads  were  obtained  by  adding  to  the  length  of 
the  pipes  at  their  outlets. " 

"The  heads,  lengths  and  mean  diameters  are  given  with  exactness. 
The  amount  of  discharge  was  measured  by  running  the  water  over  an 
iron  weir,  the  co-eflScients  of  whose  discharge,  with  varying  depths,  had 
been  carefully  determined  by  absolute  measurement,  but  at  another 
point,  and  under  conditions  not  exactly  similar.  This  gauging  was  done 
with  all  the  care  practicable,  the  height  of  the  water  being  measured 
with  Boyden  hook  gauge,  reading  to  0.001  of  an  inch.  The  limit  of 
possible  error  in  these  experiments  is  probably  not  over  2  per  cent." 

Nos.  407  and  408,  "  however,  are  somewhat  unreliable,  owing  to  the 
stoppage  of  a  stone  passing  through  the  j)ipe." 

"The  co-efficient  of  contraction  is  assumed  at  1  in  these  pipes,  as 
each  of  them  had  a  short  funnel-shaped  inlet,  which  was  included  in 
the  measurement  of  their  lengths." 

In  Nos.  369,  408  and  414,  "  the  discharge  was  into  a  pool  of  water  at 
the  outlet  box;  in  the  other  twelve  the  discharge  was  into  the  air." 
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"  There  were  two  angles  in  tlie  line  of  these  pipes,  one  of  9  degrees  and 
the  other  of  11  degrees;  for  the  remainder  of  the  distance  they  were  nearly- 
straight;  in  the  computations  no  deduction  was  made  for  these  bends." 

Nos.  30  to  33,  41  to  46,  47  to  50,  78  to  84  and  140  to  144,  inclusive 
(0.502,  0.628,  0.746,  1.05  and  1.26  inch),  were  made  at  New  Almaden, 
California.  "All  these  experiments  were  with  straight  pipes,  and  were 
made  with  considerable  accuracy." 

"The  mean  diameters  were  computed  by  the  weight  of  water  con- 
tained in  the  pipes,  taken  by  the  sum  of  weights  in  the  several  joints, 
which  varied  slightly  from  the  mean  of  the  end  diameters  as  directly 
measured." 

"  The  discharge  was  determined  by  filling  a  tank  of  known  size." 

*'  The  iron  gas  pipes  were  joined  by  their  usual  couplings.  The 
ends  of  the  glass  pipes  were  smoothly  ground,  and  a  water-tight  joint 
made  by  an  outside  rubber  band. " 

"  The  wooden  pipe  was  joined  by  usual  plug  couplings." 

Nos.  78  to  84,  inclusive,  were  made  with  a  pipe  that  was  new^and  in 
good  order. 

"  The  glass  tubes  were  new  and  unscratched,  of  French  manufacture, 
and  somewhat  conical." 

"  The  measuring  tank  held  15.2  cubic  feet,  and  the  times  were  de- 
terminated to  one-fifth  of  a  second." 

No.  422  (16.99  inch)  "was  with  a  new  inverted  siphon  of  double 
riveted  sheet-iron  pipe,  with  a  jiressure  of  about  800  feet  at  the  lowest 
point,  with  a  maximum  tensile  strain  of  16  500  pounds  per  square  inch, 
and  with  most  of  the  joints  made  by  sleeves  with  lead  packing.  It  was 
coated  with  the  usual  mixture  of  coal-tar  and  asphaltum." 

"  No  deduction  was  made  for  rivet  heads,  which  for  over  one-half 
the  length  doubtless  formed  noteworthy  obstructions,  as  the  pipe  was  of 
comparatively  small  diameter — 17  inches." 

"  The  mean  diameter  head  and  length  are  given  with  exactness. 
The  discharge  was  measured  first  by  the  flow  over  a  weir,  and  afterwards 
through  standard  apertures." 

"In  all  the  experiments  the  actual  or  total  head  was  either  the 
difference  in  elevation  between  the  surface  of  the  water  in  the  pen-  stock 
and  that  in  the  outlet  tank,  or  the  difference  between  the  water  in  the 
pen-stock  and  the  center  of  the  escajoing  jet,  where  the  pipe  discharged 
into  the  air."  Experiments  30  to  33,  41  to  46,  47  to  50,  78  to  84  and  140 
to  144,  inclusive  "  were  made  under  the  latter  condition." 

Experiments  of  Stearns. 

"  Transactions  of  the  American  Society  of  Civil  Engineers."  Vol.  XIV,  1885. 

The  four  experiments  were  made  by  F.  P.  Stearns,  M.  Am.  Soc.  0.  E., 
with  a  pipe   48  inches  in  diameter,  and  17  472  feet  long,  belonging 
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to  the  Boston  Water  "Works.     Their  tabular  numbers  are  513  to  516, 
inclusive. 

"The  pipe  was  on  the  line  of  the  Sudbury  conduit.  It  was  a  cast- 
iron  pipe  coated  with  Dr.  Angus  Smith's  coal-tar  preparation.  The 
changes  in  direction  were  made  by  two  vertical  curves,  one  of  500  and 
the  other  of  1  170  feet  radius.  The  mean  pressure  ou  the  pipes  during  the 
experiments  was  41  feet.  The  pipes  had  been  laid  three  years,  and  had 
been  in  use  two,  when  the  experiments  were  made,  yet  the  tar-coating 
presented  nearly  as  good  a  surface  as  when  it  was  new.  The  volume 
flowing  was  measured  at  a  weir  about  10  miles  distant  up  the  conduit 
from  the  pipe,  and  to  this  measurment  ipu  of  a  cubic  foot  per  second  was 
added  for  filtration  into  the  conduit  below  the  weir.  The  amount  of  the 
filtration  was  determined  from  fairly  good  data;  but,  even  if  somewhat 
inaccurate,  it  has  little  importance,  as  its  whole  effect  was  less  than  1 
per  cent.  The  weir  used  was  19  feet  long,  and  had  previously  been 
tested  by  the  actual  measurement  of  the  water  j^assing  over  it.  The  loss 
of  head  in  a  length  about  60  feet  shorter  than  the  whole  length  of  the 
pipe  was  measured.  This  method  was  adojjted  to  avoid  including  in  the 
measurement  the  loss  of  head  at  the  entrance  of  the  pipe,  the  gain  or 
loss  at  the  exit,  the  effect  of  two  rather  sharp  ciirves  (30  feet  radius), 
near  the  ends  of  the  pipe,  and  several  other  disturbing  causes.  The 
apparatus  used  for  taking  the  heads  was  as  follows:  In  each  of  the  pipe 
chambers,  at  either  end  of  the  pipe,  there  was  a  float  gauge  designed  for 
permanent  use  in  measuring  the  height  of  the  water  in  the  chambers. 
This  consisted  of  a  vertical  iron  cylinder,  12  inches  iu  diameter,  plugged 
at  the  bottom;  in  this  cylinder  was  a  hollow  brass  float,  with  a  suitably 
guided  stem,  carrying  an  index  up  and  down  the  face  of  a  graduated 
scale.  Water  was  admitted  to  the  float  cylinder  through  a  small  pipe 
leading  from  the  center  of  the  pipe  chamber,  the  flow  being  controlled 
by  a  stoi)-cock.  Connected  with  the  float  cylinder  was  a  small  brass  cup, 
having  a  level  top  of  known  elevation.  By  filling  the  cylinder  until  the 
cup  was  even  full,  the  position  of  the  index  was  adjusted.  For  the  pur- 
l^ose  of  these  experiments,  the  small  pipes  leading  from  the  float  cylinders 
were  extended  into  the  ends  of  the  48-inch  pipe,  along  its  bottom  about 
33  feet.  The  last  7  feet  of  each  of  these  small  pipes  was  a  smooth, 
straight  brass  tube,  with  several  holes  drilled  in  its  top,  and  with  its  end 
plugged." 

The  heights  of  the  gauges  were  carefully  tested,  and  precautions 
taken  to  expel  all  air  from  the  small  pipes  leading  to  them. 

Mr.  Stearns  was  not  able  to  conduct  the  experiments  in  person,  but 
lie  gave  detailed  instructions  as  to  the  work  to  be  done,  to  two  experi- 
enced assistants. 
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Experiments  op  Weisbach. 

*'  The  Mechanics  of  Engineering  and  of  the  Gonstruclion  of  Machines ,"  Inj 
Julius  Weisbach,  Ph.D.  Translated  from  the  German  edition  by 
Eckley  B.  Co.xe,  A.M.     JSTe-w  York,  1872. 

The  experiments  were  made  with  pipes  0.409,  0.563,  0.972  ami  1.27 
inches  in  diameter. 

Professor  Weisbach  only  mentions  the  experimental  co-efficients  of 
friction  (C)  computed  from  the  twenty-one  experiments,  and  the  nature 
and  diameters  of  the  pipes  used  in  making  the  exjieriments.  Their  tab- 
ular numbers  are,  0.409-inch  and  0.563-inch,  1  to  14,  inclusive;  0.972-inch, 
52  to  57,  inclusive,  and  1.27-inch,  145. 

Experiments  of  Weston. 

The  five  experiments  were  made  by  the  writer  during  the  years  1876 
and  1877  with  pipes  0.97  and  6  inches  in  diameter,  belonging  to  the 
Providence  Water  Works. 

The  experiments  that  were  made  with  each  size  of  pipe  are  described 
separately,  and  each  description  is  preceded  by  the  tabular  number  or 
numbers  of  the  experiment  or  experiments  to  which  they  refer. 

Six-inch. — ^Nos.  325  to  328  inclusive.  An  ordinary  straight  east-iron 
pipe  with  socket  joints,  which  were  calked  with  lead  and  yarn  in  the 
usual  way,  was  used  in  making  these  experiments.  The  pipe  had  been 
coated  when  new  by  Dr.  Angus  Smith's  process,  and  at  the  time  the  ex- 
periments were  made  it  had  been  in  service  foiv  years. 

The  supply  of  water  was  taken  from  a  main  30  inches  in  diameter, 
which  was  connected  with  the  upper  end  of  the  pipe. 

Two  very  accurate  hydraulic  pressure  gauges  were  used  to  determine 
the  head  ;  the  first  was  connected  with  the  6-inch  pipe  500  feet  from  the 
30-inch  main,  and  the  second  1  170  feet  from  the  first,  and  410  from 
the  lower  end  of  the  pipe  where  the  discharge  took  place.  The  total 
length  of  the  pipe  was  2  090  feet.  The  difi'erence  in  the  readings  of  the 
two  gauges,  allowance  having  been  made  for  their  elevation,  was  taken 
as  the  loss  of  head  due  to  friction  for  a  length  of  1  170  feet. 

The  lower  end  of  the  pipe  was  connected  with  an  8-inch  flush 
hydrant,  which  had  a  "  chuck  "  with  four  lines  of  2^-inch  rubber  hose 
about  100  feet  long  connected  to  it.  The  flow  in  the  6-inch  jaipe  was 
regulated  by  opening  and  closing  the  valves  of  the  "  chuck."  The  first 
experiment  was  made  with  one  valve  open,  the  second  with  two,  the 
third  with  three  and  the  fourth  with  four.  The  discharge  was  ascer- 
tained by  measuring  the  water  flowing  in  the  hose,  which  was  done  by 
connecting  a  hydraulic  pressure  gauge  1  foot  from  the  hydrant  to  the 
line  or  lines  of  hose  in  use,  and  calculating  the  discharge  from  the 
pressure,  a  co-efficient  of  discharge  having  been  previously  determined 
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by  measuring  the  flow  under  different  jjressures,  in  a  large  tank  ar- 
ranged expressly  for  the  purpose.  * 

Considerable  time  was  devoted  to  making  the  observations,  and  a 
suflBcient  period  was  allowed  for  the  water  to  get  in  train  after  each  ex- 
periment, before  commencing  the  next.  The  pipe  had  several  side  con- 
nections whic'-i  were  carefully  closed  before  the  exi^eriments  were 
begun. 

0.969-inch. — No.  51.  A  new  wrought-iron  pipe,  which  had  a  layer  of 
tin  drawn  through  it  for  a  lining,  was  used  in  making  this  experiment. 

The  lengths  were  coupled  together  like  ordinary  gas  pipe,  with  the 
exception  that  sheet  tin  bushings  were  fitted  into  the  pipe  at  the  joints 
to  i^revent  any  corrosion  from  penetrating  into  the  interior,  that  might 
take  place  at  the  ends  of  the  lengths  where  the  iron  was  not  covered 
with  tin. 

The  joints  were  carefully  made,  and  the  interior  surface  of  the  pipe 
was  practically  as  smooth  as  the  interior  surface  of  an  ordinary  lead 
pipe. 

The  pipe  was  781.83  feet  long,  was  laid  nearly  straight  and  was  con- 
nected by  a  f-inch  tap  with  a  main  36  inches  in  diameter,  which  was 
directly  supplied  with  water  from  a  large  reservoir. 

The  diameter  of  the  pipe  was  determined  by  measuring  the  diam- 
eters of  a  number  of  lengths. 

The  difference  between  the  surface  of  the  water  in  the  reservoir,  and 
the  center  of  the  outlet  end  of  the  pipe  which  discharged  into  the  open 
air,  was  taken  as  the  head. 

The  discharge  was  very  accurately  measured  in  a  large  tank. 

Three  independent  experiments  were  actually  made,  but  as  their  re- 
sults are  so  nearly  alike,  their  average  only  is  given  in  Table  No.  1. 

The  co-e£Scient  of  influx  and  loss  of  head  in  the  f-incli  tap  were 
ascertained  by  experimenting  with  a  short  jDiece  of  pipe  connected  to 
the  tap,  previous  to  making  the  exiseriment  with  the  long  pipe. 

A  NEW  FORMULA  FOR  THE  FLOW  OF  WATER  IN  PIPES 
HAVING  VERY  SMOOTH  INTERIOR  SIDES  FROM  i  TO  3^ 
INCHES  IN  DIAMETER. 

Before  i^roceeding  any  further,  it  may  be  well  to  repeat,  that,  for 
reasons  already  mentioned,  the  basis  of  investigation  which  was  adopted 
by  the  writer  at  the  commencement  of  his  researches,  is  the  co-efficient 
of  friction  C,  which  is  a  factor  of  the  equation, 


I     V 
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Consequently,  the  investigations  which  will  now  be  described,  as  well  as 

*  Transactions  Am.  Soc.  C.  E.,  Vol.  XIII,  1884.    Weston  on  the  Flow  of  Water  through 
Eubber  Hose. 
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those  wliich  will  be  mentioned  hereafter,  have  been  entirely  devoted  to 
the  determination  of  a  formula  for  the  co-efficient  of  friction  C- 

It  was  found,  by  consulting  Table  No.  1 ,  that  there  were  two  hun- 
dred and  thirty-eight  experiments  that  had  been  made  with  twenty-  . 
seven  different  j)ipes  having  very  smooth  interior  sides;  one  hundred 
and  ninety-one  of  these  exjieriments  were  made  with  pipes  of  lead, 
glass,  zinc,  tin,  and  sheet-iron  coated  with  bitumen  from  0.41  inch  to 
3.25  inches  in  diameter;  eighteen  that  had  been  made  with  pipes  of 
sheet-iron  coated  with  bitumen  7.72  and  11.22  inches  in  diameter;  thir- 
teen that  had  been  made  with  new  gas  pipe  from  0.63  to  1.05  inches  in 
diameter;  and  sixteen  that  had  been  made  with  a  pipe  1.25  inches  in 
diameter,  the  nature  of  which  the  writer  has  not  been  able  to  ascertain, 
although  it  evidently  had  smooth  interior  sides. 

The  last  twenty-nine  experiments  mentioned,  that  were  made  with 
iron  pipe,  etc.,  were  not  given  the  same  weight  in  the  investigations  as 
those  that  had  been  made  with  pipes  which  were  known  to  have  very 
smooth  interior  sides,  but  were  more  especially  used  for  the  25urpose  of 
substantiating  the  laws  and  results  obtained  with  the  latter. 

Then,  as  pijjes  of  7.72  and  11.22  inches  in  diameter  having  very 
smooth  interior  sides  are  rarely  used,  and  as  the  laws  that  seemed  to 
apply  to  the  results  of  the  experiments  that  were  made  with  the  j)ipe8 
of  these  diameters  were  slightly  at  variance  with  the  laws  that  applied 
to  the  others,  it  was  decided  to  consider  only  the  experiments  that  were 
made  with  the  pipes  of  the  smaller  sizes,  in  constructing  the  new  for- 
mula, and  to  limit  its  application  so  as  to  include  only  pipes  from  0.40  to 
3.50  inches  in  diameter.  (An  independent  formula  was  also  determined 
by  the  writer  for  the  two  pipes,  7.72  and  11.22  inches  in  diameter, 
which  will  be  mentioned  hereafter.) 

The  diagrams  which  refer  to  this  formula  are  numbered  from  1  to 
14,  the  first  six  being  devoted  to  illustrating  the  method  by  which  the 
formula  was  constructed,  and  the  last  eight  to  its  comparison  after 
completion. 

For  convenience  of  investigation,  when  it  could  be  done  without 
aflfecting  the  results  sought  after  before  reaching  the  fourth  decimal 
place,  the  larger  part  of  the  experimental  results  that  were  obtained 
with  pii^es  having  diameters  which  were  very  nearly  alike,  were  classified 
in  each  instance,  under  a  common  nominal  diameter,  as  will  be  seen 
upon  the  diagrams. 


50  "WESTON    ON   FLOW    OF   WATER   IN    PIPES. 

The  nominal  diameters  of  the  pipes  that  were  used  in  making  the 
experiments,  the  results  of  which  were  emjDloyed  in  constructing  the 
formula,  etc.,  the  numbers  that  the  experiments  are  given  in  Table  No. 
1,  and  the  numbers  of  the  diagrams  upon  which  the  results  are  platted, 
are  as  follows: 

0.5-inch:  Tabular  numbers  1  to  14,  28  to  29,  34  to  46,  Diagrams 
Nos.  1  and  7. 

0.75-inch:     Tabular  numbers  47  to  50.     Diagram  No.  8. 

1.0-inch:  Tabular  numbers  51  to  60,  78  to  123.  Diagrams  Nos.  2 
and  9. 

1,25-inch:  Tabular  numbers  124  to  139  and  145.  Diagrams  Nos. 
3  and  10. 

1.50-inch:  Tabular  numbers  146  to  160,  175  to  211,  224  to  230.  Dia- 
grams Nos.  3  and  11. 

2.13-inch:     Tabular  numbers  231  to  249.     Diagrams  Nos.  4  and  12. 

2.50-inch:     Tabular  numbers  250  to  269.     Diagrams  Nos.  4  and  13. 

3.25-inch:    Tabular  numbers  296  to  307.     Diagrams  Nos.  5  and  14. 

The  results  of  any  of  the  experiments  that  were  made  with  velocities 
of  less  than  1  foot  per  second  were  not  used  in  the  actual  construction 
of  the  formula,  however,  owing  to  the  influence  that  minute  errors  of  ob- 
servation have  upon  results  obtained  with  low  velocities.  For  example, 
an  error  of  0.01  foot  in  observing  the  loss  of  head,  in  making  an  experi- 
ment with  a  pipe  1  inch  in  diameter  and  100  feet  long,  when  the  velocity 
of  flow  was  0.25  feet  per  second,  would  affect  the  value  of  the  co-effi- 
cient of  friction  to  a  greater  extent  than  would  an  error  of  1.5  feet  in 
observing  the  loss  of  head,  in  making  an  experiment  with  the  same 
pipe  when  the  velocity  of  flow  was  10  feet  per  second.  The  results 
shown  on  the  diagrams  from  No.  1  to  No.  5,  that  were  obtained  with 
velocities  less  than  1  foot  per  second,  were  platted  after  the  formula  was 
completed  for  the  purpose  of  verification  and  comparison. 

The  first  steps  that  were  taken  in  the  construction  of  the  formula 
were  to  determine  the  conditions  upon  which  the  co-efficient  of  friction 
Z  was  dependent,  and  after  considerable  preliminary  platting,  computa- 
tion and  study,  it  was  found  to  be  dependent,  in  this  instance,  upon  both 
the  diameter  and  the  sqiaare  root  of  the  velocity. 

The  process  by  which  the  formula  was  finally  developed,  after  the 
laws  that  applied  to  it  had  been  ascertained  by  a  method  somewhat  sim- 
ilar, is  illustrated  by  Figs.  1  and  2,  and  upon  the  diagrams  from  No.  1 
to  No.  6. 
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An  independent  formula  'C  =  a  -{- 


ft 


'J  V 


was  first  determined  for  each 


diameter  of  pipe  that  the  experimental  data  embraced. 

The  numerical  values  of  a  and  /3  were  dediaced  graphically  in  the 
following  manner  by  the  aid  of  the  expression  C  ^/tJ,  which  is  the  equa- 
tion of  the  straight  line  o  Tc,  Fig.  1  (and  the  average  lines  shown  upon 
the  diagrams  from  No.  1  to  No.  5),  whose  abscissae  are  the  values  of  "^  v, 
and  whose  ordinates  are  the  values  oi'C,  ^~. 

A  line  was  drawn  upon  the  lower  part  of  a  large  sheet  of  i^aper,  with 
a  sharp  pointed  lead  pencil,  as  an  axis  of  abscissae,  and  another  line 
drawn  in  the  same  way  at  right  angles  to  it,  at  its  left  extremity,  as 
an  axis  of  ordinates. 

Then  at  a  scale  of  1  inch  to  4  feet  the  square  roots  of  the  velocities 
\^v)  that  were  used  in  computing  the  experimental  co-efficients  of 
friction  (?)  were  platted  as  abscissfe,  and  the  experimental  co-efficients 
of  friction  multiplied  by  the  square  roots  of  their  respective  velocities 
(^  x/zj )  platted  as  ordinates,  at  such  a  scale  that  four  decimal  places  could 
be  easily  read. 

At  the  upper  extremity  of  each  ordinate  a  small  circle  or  symbol  was 
drawn  in  ink,  as  shown  on  the  diagrams  from  No.  1  to  No.  5,  in  order  to 
render  it  conspicuous,  and  to  designate  the  results  obtained  from  the 
experiments  of  each  authority. 

If  all  of  the  minute  errors  could  have  been  detected,  that  were,  pre- 
sumably, made  in  conducting  the  experiments  from  which  the  platted 
results  were  obtained,  and  if  the  conditions  relative  to  the  diameters  and 
the  interior  sides  of  the  different  pipes  that  were  used  had  been  pre- 
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cisely  tlie  same,  and  if  the  laws  upon  wliicli  the  formulas  were  based  were 
absolutely  correct,  all  of  the  circles  or  symbols  upon  each  diagram  from 
No.  1  to  No.  5,  would  be  in  a  true  inclined  line.  As  it  is  not  possible  to 
realize  all  of  these  theoretical  conditions  in  actual  practice,  however,  it 
was  always  necessary  to  draw  an  average  line  through  the  circles  or 
symbols,  as  shown  upon  the  diagrams  from  No.  1  to  No.  5.  This  line  was 
located  by  the  aid  of  a  piece  of  fine  thread,  and  its  position  was  gener- 
ally such  a  very  difficult  matter  to  determine,  that  it  was  often  not  satis- 
factorily accomplished  until  after  a  number  of  trials. 

When  the  average  line  was  drawu,  it  was  extended  through  the  axia 
of  ordinates  to  a  prolongation  of  the  axis  of  abscissae,  and  the  distance  x, 
Pig.  1,  scaled  on  this  prolongation,  from  the  point  where  the  average  line 
intersects  it,  to  the  axis  of  ordinates.  A  line  was  also  drawn  with  a  fine 
pointed  lead  pencil  as  an  ordinate,  from  a  point  corresiJonding  to  the 
square  root  of  some  high  velocity,  at  the  extreme  right  of  the  axis  of 
abscissae,  and  the  distance  y,  Fig.  1,  between  the  axis  of  abscissae  and  the 
average  line,  scaled  upon  it.  Then  the  value  of  /i  was  ascertained  by 
scaling  the  distance  on  the  axis  of  ordinates  between  the  axis  of  abscissse 
and  the  average  line,  Fig.  1,  and  the  vahie  of  a,  which  is  the  tangent 
of  the  angle  k  e  p,  determined  thus, 

s/  I,  X 

and  the  expression  for  the  co-efficient  of  friction  ?,  becomes  for  each 
diameter  of  pipe, 

For  example,  let 
/i  =  0.0283,  7/  =  0.0622,  v'^=B,  x  =  1.347,  and  C  =  0.0113  +  )!:1!^^ 

"When  a  formula  for  each  diameter  had  been  determined  in  the  man- 
ner just  described,  it  was  found  by  taking  the  values  of  a  and  yS,  and 
platting  them  in  a  similar  manner,  and  with  the  same  degree  of  care, 
the  diameters  as  abscissje,  and  the  corresponding  values  of  a  and  fi  as 
ordinates,  the  extreme  upper  points  of  which  were  enclosed  in  circles, 
and  drawing  an  average  line  from  the  axis  of  ordinates  through  the 
circles  representing  each  as  shown  ujjon  Diagram  No.  6,  that  a  was 
constant  for  all  diameters  and  velocities,  and  that  /?  decreased  slightly 
as  the  diameters  increased.     The  value  of  a,  being  constant,  was  ascer- 
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tainecVby  simply  scaling  tlie  distance,  "which  was  found  to  be  0.0126,  be- 
tween the  axis  of  abscissse  and  the  average  line,  they  being  parallel 
in  this  instance.     The  value  of  the  diametric  co-eflScient,  which  we  will 
■call  z,  upon  which  ft  is  dependent,  was  determined  by  measuring  the , 
distance  h,  Fig.  2,  on  the  axis  of  ordinates  between  the  axis  of  abscisste 


Ti^.  H. 


and  the  average  line,  and  by  drawing  a  line  as  an  ordinate  from  the 
abscissa  representing  the  greatest  diameter,  and  scaling  upon  it  the  dis- 
tance c,  Fig.  2,  between  the  axis  of  abscissfe  and  the  average  line,  and 
using  their  values  in  this  form, 

d  3.5 

and  the  expression  for  ft  becomes 

ft  =  h—d  z, 

and  the  formula  for  the  co-efficient  of  friction  C,  for  all  diameters  from 
0.40  to  3.5  inches,  and  for  all  velocities 

0.0315— c?  0.005 


?  =  0.0126  -f 


v/^ 


On  account  of  the  numerical  values  of  the  diameters  having  been 
used  in  inches  in  determining  this  formula,  it  can  only  be  used  in  its 
present  form  when  the  diameter,  d,  is  expressed  in  inches.  (This  is  the 
only  instance,  with  the  exception  of  the  cases  when  the  same  formula  is 
shown  upon  the  diagrams  from  No.  6  to  No.  14,  that  any  formula  con- 
tained in  this  paper  is  given  in  measures  other  than  feet.) 


1  7         /'nmoa   I   0.0315  — d0.06\ 
and  hf  =  (  0.0126  + ^^^^^^ )- 
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The  formula  therefore  becomes,  for  measures  in  English  feet, 
^_^Qj^gg,  0.0315-^0.06 

0.0315  — d0.06\  (   v^ 
v'~        y  dig 

Diagrams  from  No.  7  to  No.  14  show  a  comparison  of  this  formula  with 
the  original  experimental  results  from  which  it  was  derived,  as  well  as 
with  a  number  of  other  experimental  results  that  were  not  used  in  con- 
structing the  formula. 

Co-efficients  of  friction  (Q,  that  have  been  worked  out  from  several 
well-known  formulas  for  the  flow  of  water  through  jsipes,  by  different 
authorities  are  also  jilatted  for  comiiarison  on  the  diagrams  from  No.  7 
to  No.  15. 

The  equations  for  computing  these  last  mentioned  co-efficients  of 
friction,  as  arranged  by  the  writer,  are  as  follows: 

From  the  formula  of  Prony, 

:  =  0.02733 +  0:^2M^. 

V 

From  the  formula  of  Eytelwein, 

c^o.o22o+Q-QQ^^^^- 

V 

From  the  formula  of  Darcy, 

C  =  0.01989 +  ^-:M^. 

From  the  formula  of  Weisbach, 

C=  0.01439 +  ^:£™. 

Equations  for  the  flow  of  water  in  pipes,  in  which  the  co-efficient 
of  friction  C,  worked  out  by  this  formula,  is  used,  will  not  admit  of 
a  direct  solution,  but  the  co-efficients  should  be  first  determined  for 
different  values  of  the  velocity  and  tabulated,  after  which  the  true  value 
of  the  velocity  can  be  determined  by  finding  an  approximate  value,  and 
thence  taking  out  the  corresponding  co-efficient  from  the  table,  which 
does  not  vary  to  any  considerable  extent  for  small  changes  of  velocity. 

The  writer  would  have  been  much  better  satisfied  had  he  been  able 
to  construct  a  formula  that  could  be  more  easily  solved  than  the  one  he 
has  presented,  but  as  his  principal  object  was  accuracy  and  not  sim- 
plicity, he  could  not  do  this  and  conform  satisfactorily  to  the  experi- 
mental results. 


WESTOJsr    OlsT   FLOW    OF    WATER   IN    PIPES. 


55 


The  new  formula  will  not  be  further  discussed,  as  its  merits  or  de- 
merits are  plainly  set  forth  upon  the  diagrams  upon  which  it'is  platted. 

The  following  table  gives  the  co-efficients  of  friction  (Q,  for  pijies 
having  very  smooth  interior  sides  from  0.5  to  3.5  inches  in  diameter, 

« 

and  for  velocities  from  0.10  to  50  feet  per  second,   calculated  by  the 

formula. 

0.0315  —  ^0.06 


C  =  0.0126  + 


\/   V 


Co-efficient  of  Fkiotion  'C. 


Diameter  of  Pipes  in  Feet  and  Inches. 

Velocity  in 

feet  per 

second. 

0.0417 

0.0521 

0.06-25 

0.0833 

0.1042 

0.1250 

0.1667 

0.2083 

0.2.500 

0.2917 

^ 

Is 

K 

1 

1>4 

1>^ 

2 

2^ 

3 

3>^ 

0.10 

0.1043 

0.1023 

0.1004 

0.0964 

0.09-24 

0.08-^5 

0.0806 

0.0727 

0.0648 

0.0569 

0.50 

0.0536 

0.0527 

0.0518 

0.0501 

0.0483 

0.0465 

0.0430 

0.0395 

0.0359 

0.03-24 

1.00 

0.0416 

0.0410 

0.0404 

0.0391 

0.0379 

0.0366 

0-0341 

0.0316 

0.0291 

0.0266 

1-20 

0.0391 

0.0385 

0.0381 

0.0367 

0.0356 

0.0343 

0.0319 

0.0-296 

0.0274 

0.0-250 

1-4:0 

0.0371 

0.0365 

0.0363 

0.0347 

0.0338 

0.0324 

0.0304 

0.0283 

0.0262 

0.0239 

1.60 

0.03.56 

0.0.348 

0.0350 

0.0332 

0.0323 

0.0312 

0.0292 

0.0272 

0.0252 

0.0-232 

1.80 

0.0342 

0.0336 

0  0340 

0.0321 

0.0313 

0.0302 

0.0284 

0.0265 

0.0246 

0.0226 

2.00 

0.0.331 

0.0327 

0.0322 

0.0313 

0.0305 

0.0296 

0.0278 

0.0260 

0.0243 

0.0225 

2.50 

0.0310 

0.0306 

0.0300 

0.0294 

0.0286 

0.0278 

0.0262 

0.0246 

0.0230 

0.0214 

3  00 

0.0293 

0.0290 

0.0286 

0.0279 

0.0272 

0.0265- 

0.0250 

0.0236 

0.0221 

0.0207 

3.50 

0.0281 

0.0-278 

0.0274 

0.0268 

0.0260 

0.02.54 

0.0242 

0.0228 

0.0214 

0.0201 

4.00 

0.0271 

0.0268 

0.0265 

0.0259 

0.0252 

0.0-246 

0.0234 

0.0-221 

0.0209 

0.0196 

4.50 

0.0263 

0.0260 

0.0-2.56 

0.0251 

0.0244 

0.0-238 

0.0227 

0.0216 

0.0204 

0.0192 

5.00 

0.0256 

0.0253 

0.02.50 

0.0244 

0.0238 

0.0-233 

0.02-22 

0.0211 

0.0200 

0.0189 

5.. 50 

0.0250 

0.0246 

0.0-244 

0.0238 

0.0234 

0.0228 

0.0-218 

0.0207 

0.0190 

0.0186 

6.00 

0.0244 

0.0242 

0.0239 

0  0234 

0.0229 

0.0-224 

0.0214 

0.0204 

0.0193 

0.0183 

6.50 

0.0240 

0.0236 

0.0235 

0.0230 

0.0-2-25 

0.0220 

0.0210 

0.0200 

0.0190 

0.0181 

7.00 

0.0236 

0.0233 

0.0230 

0.02-20 

0.0222 

0.0217 

0.0207 

0.0198 

0.0188 

0.0179 

7.50 

0.0232 

0.02-29 

0. 02-27 

0.02-22 

0.0218 

0.0214 

0.0-204 

0.0195 

0.0186 

0.0177 

8.00 

0.0229 

0.0226 

0.0224 

0.0220 

0.0215 

0.0211 

0.0202 

0.0193 

0.0184 

0.0175 

8.50 

0.0225 

0.()2-23 

0.0221 

0.0216 

0.0212 

0.0208 

0.0200 

0.0191 

0.0182 

0.0174 

9.00 

0.0222 

0.0220 

0.0218 

0.0214 

0.0210 

0.0206 

0.0198 

0.0189 

0.0181 

0.0173 

9.50 

0.0220 

0.0218 

0.0-216 

0.0212 

0.0208 

0.0204 

0.0196 

0.0188 

0.0180 

0.0172 

10 

0.0218 

0.0-216 

0.0214 

0.0210 

0.0206 

0.0202 

0.0194 

0.0186 

0.0178 

0.0170 

11 

0.0214 

0  0212 

0.0210 

0.0206 

0.0202 

0.C198 

0.0191 

0.0184 

0.0176 

0.0168 

12 

0.0210 

0  0208 

0.0-206 

0.0203 

0.0199 

0.0195 

0.0188 

0.0181 

0.0174 

0.0166 

13 

0.0206 

0.0205 

0.0203 

0.0199 

0.0190 

0.0193 

0.0186 

0.0179 

0.0172 

0.0165 

14 

0.0204 

0.0202 

0.020  1 

0.0197 

0.0194 

0.0190 

0.0184 

0.0177 

0.0170 

0.0164 

15 

0.0201 

0 . 0-200 

0.0198 

0.0195 

0.0191 

0.0188 

0.0182 

0.0175 

0.0168 

0.0162 

16 

0.0199 

0.0197 

0.0195 

0.0192 

0.0189 

0.0186 

0.0180 

0.0174 

0.0167 

0.0161 

17 

0.0196 

0.0195 

0.0194 

0.0190 

0.0187 

0.0184 

0.0178 

0.0172 

O.Ol'iO 

0.0160 

18 

0.0194 

0.0193 

0.0192 

0.0188 

0.0180 

0.0183 

0.0177 

0.0171 

0.0165 

0.0159 

19 

0.0193 

0.0191 

0.0190 

0.0187 

0.0184 

0.0181 

0.0175 

0.0169 

0.0164 

0.0158 

20 

0.0191 

0.0189 

0.0188 

0.0185 

0.0182 

0.0180 

0.0174 

0.0168 

0.0163 

0.0157 

25 

0.0184 

0.0183 

0.0182 

0.0179 

0.0177 

0.0174 

O.OlfiO 

0.0164 

0.01.59 

0.0154 

30 

0.0179 

0.0178 

0.0177 

0.0174 

0.0172 

0.0170 

0.0165 

0.0161 

0.01.56 

0.0152 

35 

0.0175 

0.0174 

0.0173 

0.0171 

0.0109 

0.0167 

0.01(i2 

0.0158 

0.0154 

0.0150 

40 

0.0172 

0.0171 

0.0170 

0.0168 

0.0166 

0.0164 

0.0160 

0.01.56 

0.0152 

0.0148 

50 

0.0167 

0.0166 

0.0165 

0.0163 

i 

0.0162 

0.0160 

0.0156 

0.0153 

0.0149 

0.0146 

The  formula  for  a  co-efficient. of  friction  'C,  for  the  two  sheet-iron 
pipes,  coated  with  bitumen,  7.72  and  11.22  inches  in  diameter,  that  has 
previously  been   mentioned,  and  which  was   constructed  in  a  manner 
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similar  to  the  one  that  has  just  been  described,  is  constant  for  both 
diameters,  and  is  dependent  only  upon  the  square  root  of  the  velocity 
(v^  r  ),  viz. : 

■  t  =  0.0126+    "-""^ 


•v/     V 

This  formula  is  platted  for  comparison  with  the  experimental  results 
from  which  it  was  determined  (which  are  numbered  from  338  to  348,  and 
from  370  to  376  in  Table  No.  1),  upon  Diagrams  Nos.  23  and  24. 

FORMULAS  FOR  THE  FLOW   OF   WATER  IN   PIPES  HAVING 
INTERIOR  SIDES  SIMILAR  TO  NEW  CAST-IRON  PIPES. 

An  examination  of  Table  No.  1  led  the  writer  to  the  conclusion  that 
there  were  one  hundred  and  eighty-eight  experiments  which  it  would 
be  advisable  to  utilize  in  constructing  a  formula  for  the  flow  of  water 
in  pipes  having  interior  sides  similar  to  new  cast-iron  pijjes,  tbat  had 
been  made  with  twenty-eight  different  pijjes  from  0.48  to  90  inches  in 
diameter. 

It  was  very  difficult  in  a  number  of  instances  to  determine  the  number 
of  years  of  service  that  should  limit  what  would  generally  be  called  a 
new  or  clean  pipe,  especially  if  the  experiments  under  consideration 
had  been  made  with  pipes  that  Avere  not  originally  coated  with  coal  tar, 
or  some  preparation  of  a  similar  nature,  unless  there  was  positive  evi- 
dence of  the  exact  condition  of  their  interior  sides  at  the  time  that  the 
experiments  were  made,  as  it  has  been  demonstrated  by  chemical 
analysis  that  the  interior  sides  of  cast-iron  pipe  oxidize  miich  faster 
with  slightly  alkaline  and  aerated  waters  flowing  through  them  than 
they  do  with  other  waters  diff"erently  constituted.  In  the  absence  of 
more  reliable  data,  the  writer  has  generally  been  governed  in  cases  of 
this  kind  by  the  values  of  the  co-efficients  of  friction  (?). 

After  carefully  studying  and  platting  the  experimental  results  in  a 
manner  similar  to  that  mentioned  in  the  descrii^tion  of  the  construction 
of  "  A  new  formula  for  the  flow  of  water  in  pipes  having  very  smooth 
interior  sides,"  the  writer  made  up  his  mind  that  he  could  not  construct 
a  formula  that  would  compare  as  satisfactorily  with  the  experimental 
results,  as  two  formulas  by  Henry  Darcy,  which  are  to  be  found  on  pages 
254,  258  and  368  of  his  work  entitled  "Recherches  experimentales  rela- 
tives au  mouvement  de  I'eau  dans  les  tuyaux." 
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The  formulas  for  obtaining  the  co-efficients  of  friction  (Z),  which  is  a 

I     V- 
factor  of  the  equation   7if  =  Z  —r  -n —  as  worked  out  from  these  for- 

/  d    2g 

mulas  (Darcy's)  by  the  writer,  and  reduced  to  English  measures  are  as 
follows: 

;  =  0.0198920  +  5:5211^3. 

d 

0.000020816 


0.0040723  + 


C  =  0.017379+  0-0015965  ^ _ 

Darcy  recommends  the  formula  from  which  the  first  formula  for  the 
co-efficient  of  friction  Z.  was  deduced,  for  general  us3,  and  it  is  ordi- 
narily known  as  "Darcy's  formula."  As  may  be  seen  in  the  first  for- 
mula, the  value  of  the  co-efficient  C,  is  entirely  dependent  upon  the 
diameter  of  the  pij^e.  Darcy  did  not  fail  to  recognize,  however,  that  the 
velocity  also  entered  into  the  problem,  but  considered  (after  analyzing 
the  experimental  results  from  which  the  formula  was  derived),  that 
when  the  velocity  is  more  than  0.33  feet  per  second,  especially  if  the 
pipes  have  been  in  use  a  short  time,  the  term  relative  to  it,  which  would 
enter  into  the  formula  for  the  co-efficient  of  friction  Z,  could  be  entirely 
eliminated,  without  the  reliability  of  the  formula  being  appreciably 
aflfeeted.  The  formula,  from  which  the  second  formula  for  a  co-efficient 
of  friction  Z  was  deduced,  was  intended  by  Darcy  to  be  used  for  all 
velocities,  and  to  apjsly  more  especially  to  new  pijoes.  (The  same 
experimental  results  were  used  in  constructing  both  of  these  formulas.) 

The  experimental  co-efficients  of  friction  (C)  that  were  worked  out 
from  the  one  hundred  and  eighty -eight  experiments,  and  co-efficients  of 
friction  worked  out  from  Darcy's  formulas,  and  several  other  well- 
known  formulas,  are  platted  for  comparison  on  diagrams  from  No.  15 
to  No.  22,  and  on  No.  25. 

The  formulas  for  obtaining  the  co-efficients  of  friction  from  the 
formulas  last  mentioned,  as  arranged  by  the  writer  (the  first  three  of 
which  have  previously  been  referred  to),  are  as  follows: 

From  the  formula  of  Prony, 

r-nn97^.^+  0.004464 

V 

From  the  formula  of  Eytelwein, 

?  =  0.0220  +  ^^^7^. 
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From  the  formula  of  Weisbacli, 

t  =  o.ou39  +  5i51!5i 

y  V 
From  the  formula  of  Kutter, 

2.9 


20  83  +  Q-^Q5^''  +  0-0014038 
n  J 


+  (41.66  +  ^:^2^) 


2  7i 


J  d 

For  facility  of  investigation,  when  it  could  be  done  -without  affecting 
the  results  sought  after  before  reaching  the  fourth  decimal  place,  the 
greater  part  of  the  exi^erimental  results  that  -were  obtained  with  pipes 
having  diameters  very  nearly  alike  were  classified  under  a  common 
nominal  diameter,  as  will  be  seen  upon  the  diagrams. 

The  nominal  diameters  of  the  pipes  that  were- used  in  making  the 
experiments,  the  results  of  which  are  platted  on  the  diagrams,  the  num- 
bers that  the  experiments  are  given  in  Table  No.  1,  and  the  numbers  of 
the  diagrams  upon  which  the  results  are  platted,  are  as  follows: 

0.48-inch,  Tabular  numbers  15  to  27.  Diagram  No.  25. 
1.04:7-inch,  Tabular  numbers  61  to  77.  Diagram  No.  25. 
1.55-inch,  Tabular  numbers  212  to  223.  Diagram  No.  25. 
3.22-inch,  Tabular  numbers  283  to  295.  Diagram  No.  15. 
5.39-inch,  Tabular  numbers  309  to  328,  Diagram  No.  16. 
7.40-inch,  Tabular  numbers  329  to  337.  Diagram  No,  17. 
11.69-inch,  Tabular  numbers  365  to  369,  377  to  396,  405  to  408.     Dia- 

gram  No.  18. 
15.00-inch,  Tabular  numbers  409  to  422.  Diagram  No.  19. 
19.69-inch,  Tabular  numbers  423  to  456.  Diagram  No.  20. 
30.00-inch,  Tabular  numbers  467  to  485.  Diagram  No.  21. 
48.00-inch,  Tabular  numbers  513  to  517.  Diagram  No.  21. 
90.00-inch,  Tabular  numbers  518  to  520.     Diagram  No.  22. 

There  are  platted  upon  diagrams  Nos.  18,  19,  20  and  21,  a  number  of 
experimental  results  that  should  probably  not  be  given  as  much  weight 
in  making  a  comparison,  as  the  other  experimental  results  which  are 
platted  upon  the  same  diagrams,  viz. :  Upon  diagram  No.  18,  the  results 
that  were  obtained  from  ten  of  the  experiments  made  by  Simpson,  on 
account  of  old  pipe  having  been  used;  upon  diagrams  Nos.  19  and 
20,  the  results  obtained  from  three  of  the  experiments  made  by  the 
Edinburgh  Water  Company,  and  five  of  the  experiments  made  by  Simp- 
son, for  the  same  reason;  and  upon  diagram  No.  21,  the  results  obtained 


I 


WESTON    ON"   FLOW    OF    WATER   IN    PIPES.  59 

from  eighteen  experiments  made  by  Darracli  with  pijDes  30  inches  in 
diameter,  on  account  of  allowances  that  had  to  be  made,  in  computa- 
tion, for  the  resistance  of  check-valves  which  were  located  upon  the 
pipes. 

As  will  be  seen  by  an  examination  of  the  diagrams,  the  co-efficieuts  of 
friction  (0  worked  out  from  Darcy's  formulas  agree  very  well  in  the  major- 
ity of  cases  with  the  experimental  results,  and  much  better  than  any 
of  the  other  formulas  that  are  platted.  Therefore,  in  the  opinion  of  the 
writer,  the  formulas  of  Darcy  ai*e  safe  and  reliable  to  use  in  general 
practice.  The  former,  which  is  represented  by  a  straight  line  on  the 
diagrams,  for  velocities  including  and  exceeding  0.33  feet  per  second, 
and  the  latter,  which  is  represented  by  a  curved  line  on  the  diagrams, 
for  velocities  of  less  than  0.33  feet  per  second.  The  former  is  also  to  be 
recommended  for  its  simplicity,  as  well  as  for  its  accuracy,  and  also 
for  the  convenience  with  which  it  can  be  used  in  both  the  simple  and 
extended  forms  of  equations  previously  mentionel  and  recommended 
by  the  writer,  for  the  flow  of  water  in  pipes. 

Of  the  other  co-efficients  of  friction  (Q,  that  are  platted  on  the  dia- 
grams, which  have  been  worked  out  from  the  formulas  of  diiferent 
authorities,  the  writer  Avill  only  mention  in  detail  those  that  have  been 
derived  from  the  well-known  and  very  valuable  formula  of  Kutter,  which 
during  the  last  few  years  has  been  so  much  discussed  and  extensively 
used  for  computing  the  flow  of  water  through  masonry  conduits.  There 
seems  to  be  a  general  impression  among  a  number  of  engineers  that  this 
formula  can  be  aiaplied  to  iron  pipes,  although  Kutter  does  not  give  any 
co-efficients  of  roughness,  in  connection  with  it,  which  were  obtained 
from  exjjeriments  that  were  made  with  iron  pipes.  In  order  to  ascertain 
if  this  impression  was  correct,  the  writer  used  in  computing  the  results 
for  comparison  for  this  formula,  three  co-efficients  of  roughness  as  given 
by  Kutter,  which  in  his  opinion  would  be  the  most  likely  to  apply  to  iron 
pipes,  viz. ;  0.010  which  is  for  a  surface  of  plaster  in  pure  cement,  0.011 
which  is  for  a  surface  of  plaster  in  cement  with  one-third  sand,  and  0.013 
which  is  for  a  surface  of  brickwork  or  ashlar.  The  results  obtained  by 
using  these  three  co-efficients  of  roughness  are  platted  on  the  diagrams 
from  No.  16  to  No.  22,  and  in  the  writer's  opinion  neither  of  them 
compare  as  favorably  with  the  experimental  results  as  the  formulas  of 
Darcy;  also  the  same  co-efficient  of  roughness  seems  not  to  apply  to 
all  sizes  of  pipe,  for  instance,  0.010  applies  best  to  pipes  having  nomi- 
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nal  diameters  of  5.39  and  7.40  inches,  0.011  to  pipes  having  nominal 
diameters  of  11.69,  16  and  19.69  inches,  and  0.013  to  pipes  having  diam- 
eters of  30  and  48  inches. 

The  results  obtained  from  the  experiments  made  by  Clarke  with  a 
brick  tunnel  90  inches  in  diameter  are  simply  platted  on  Diagram  No. 
22,  in  order  to  show  to  what  an  extreme  range  of  diameters  the  formulas 
of  Darcy  can  be  safely  applied. 

OLD   CAST-IRON   PIPES   LINED   WITH    DEPOSIT,   AND    THE 

SAME   CLEANED. 

It  was  found  by  examining  Table  No.  1  that  there  were  fifty-eight 
experiments  that  had  been  made  with  eight  different  old  cast-iron  pipes 
lined  with  deposit,  from  1.43  to  36  inches  in  diameter,  and  twenty-two 
experiments  that  had  been  made  with  three  of  these  pipes  after  they  had 
been  cleaned. 

A  preliminary  study  of  the  results  obtained  from  the  experiments 
that  were  made  with  the  old  cast-iron  pijoes  lined  with  deposit  con- 
vinced the  writer  that  he  could  not  satisfactorily  construct  a  general 
formula  from  the  data  at  hand.  He  was  able,  however,  to  construct 
three  individual  formulas  for  co-efficients  of  friction  (C).  In  one  instance 
with  two  sets  of  results  obtained  from  experiments  made  with  two 
different  pipes  of  the  same  diameter,  and  in  two  instances  with  three 
sets  of  results  obtained  from  experiments  made  with  three  diflferent 
pipes  of  the  same  diameter,  which  are  as  follows: 

For  20-inch  pipe,    C  =  0. 0156 -{-  ^^• 

0  Ti9 
For  36-inch  pipe,    ?   =  ^ 0.0143. 

For  36-inch  pipe,  C  ^  —  0.0225. 

(The  same  experimental  resiilts  were  used  in  constructing  the  two 
latter  formulas.) 

All  of  the  co-efficients  of   friction  (?)  that  have  been  derived  from 

experiments  that  were  made  with  old  pipes  lined  with  deposit  (with  the 

exception  of  ten  that  were  obtained  from  experiments  made  with  one 

pil^e  30  inches  in  diameter),  are  j^latted  upon  diagrams  Nos.  26  and  28, 

for  comj)arison  with  these  formulas,  and  with  one  worked  out  by  the 

writer  from  a  formula  by  Darcy  for  the  flow  of  water  in  pipes  slightly 

encrusted  with  deposit,  viz. , 

;  =  0.03978 +''-:5!?L^ 
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As  tbe  writer  does  not  consider  these  formulas  for  old  pijDes  lined 
■with  deposit  of  much  value,  they  will  not  be  further  discussed. 

The  results  that  were  obtained  from  experiments  that  were  made 
with  old  cast-iron  pipes  after  having  been  cleaned,  are  simply  platted 
on  diagram  No.  27  for  the  puri30se  of  comparing  them  with  the 
formula  for  a  co-efficient  of  friction  Z,  worked  out  from  a  formula 
by  Darcy  for  the  flow  of  water  in  new  cast-iron  pipes,  which  has  been 
previously  mentioned,  viz., 

C  =  0.019892 +5:5215551^. 

d 

The  diameters  of  the  pipes  that  were  used  in  making  the  experi- 
ments, the  results  of  which  have  just  been  mentioned,  the  numbers  that 
the  experiments  are  given  in  Table  No.  1,  and  the  numbers  of  the  dia- 
grams upon  which  the  results  are  platted,  are  as  follows: 

1.43-inch,  Tabular  numbers  161  to  174.  Diagrams  Nos.  26  and  27. 

3.15-inch,  Tabular  numbers  270  to  282.  Diagrams  Nos.  26  and  27. 

9.63-inch,  Tabular  numbers  349  to  364,  Diagrams  Nos.  26  and  27, 

20.00-inch,  Tabular  numbers  457  to  466.  Diagram  No.  26. 

30.00-inch,  Tabular  numbers  486  to  495.  (Not  platted.) 

36.00-inch,  Tabular  numbers  496  to  512.  Diagram  No,  28, 

THE  CO-EFFICIENTS  OF  RESISTANCE  OF  THE  FLOW  OP 
WATER  IN  PIPES  FOR  ENLARGEMENTS,  CONTRACTIONS, 
ELBOWS  AND  CURVES. 

Should  the  forms  of  formulas  that  have  been  recommended  by  the 
writer  for  the  flow  of  water  in  jiipes,  be  used  and  extended  to  cover  con- 
ditions other  than  those  relating  to  straight  pipes,  one  or  more  of  the 
four  co-efficients  of  resistance,  for  enlargements,  contractions,  elbows 
and  curves,  will  probably  be  required,  in  order  to  do  so.  Therefore,  as 
the  writer  has  not  anything  original  to  present  pertaining  to  these  co- 
efficients, he  has  taken  the  following  data  relating  to  them,  nearly  entire, 
from  the  valuable  work  of  Professor  Weisbach,  entitled,  "A  Manual 
of  the  Mechanics  of  Engineering  and  of  the  Construction  of  Machines," 
which  was  translated  from  the  fourth  German  Edition,  by  E.  B,  Coxe, 
A,  M.,  in  1872. 

Sudden  Enlargement. 


/.=(-^-l)^  h,  =  M 
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Fi^.  3. 


^ 


I" 


The  following  table  is  calculated  according  to  the  formula. 


F 

1.1 

1.2 

1.3 

1.4 

1.5 

1.6 

1.7 

1.8 

1.9 

Pi     

/'   

.01 

.04 

.09 

.16 

.25 

.36 

.49 

.64 

.81 

F 

Fi     

2.0 

2.5 

3.0 

3.5 

4.0 

5.0 

6.0 

7.0 

8.0 

M      

1.00 

2.25 

4.00 

6.25 

9.00 

16.00 

25.00 

36.00 

49.00 

CONTKACTION. 

1 


=  0' 


25' 


I" 


I'r 


J 


but  0  is  increased  by  the  resistance  at  the  entrance  into  the  pipe  and  by 
the  friction  of  the  water  in  the  interior  portion  of  the  tube,  to  0.505. 


Elbows. 
T  =  0.9457  sin  ?^  +  2.047  sin  ^,  7y  =  ^  -^• 


X     J^c^-^f^ 


2^ 


'\X 


IT 
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The  following  table  contains  a  series  of  co-efficients  of  resistance  cal- 
culated, according  to  the  formula,  for  different  angles  of  deviation  : 


p 

2 

10" 

20° 

30° 

40° 

45° 

50° 

55° 

60° 

65° 

70° 

r 

.046 

.139 

.364 

.740 

.984 

1.260 

1.556 

1.861 

2.158 

2.431 

If  to  one  elbow  AGB,  Fig.  6,  another  elbow  is  joined,  as  is  shown  in 
Figs.  7  and  8,  a  i^eculiar  but  at  the  same  time  easily  explicable  phenom- 
enon of  efflux  is  observed.  The  elbow  BBE,  Fig.  7,  which  turns 
the  stream  to  the  same  side  as  the  elbow  AGB,  Fig.  6,  produces  no 
further  contraction  of  the  stream,  and,  therefore,  for  efflux  with  full 
cross  section,  r  is  no  greater  than  for  a  simple  elbow  AGB.  But  if  the 
other  elbow  BBE,  Fig.  8,  turns  the  stream  to  the  opposite  side,  the 
contraction  is  a  double  one,  and  the  co-efficient  of  resistance  is  conse- 
quently twice  as  great  as  for  a  single  elbow.  If,  finally,  BBE  is  so 
joined  to  AGB  that  D^  stands  at  right  angles  to  the  plane  ABB,  r  then 
becomes  about  one  and  one-half  times  as  great  as  for  the  single  elbow 
AGB. 

Curved  Pipes. 


For  curved  pipes  with  circular  cross-sections: 


^  =  0.131+1.847 


(^)^.V 


^- 


'^g 


7-6  ff.  ?. 


7^^^  /o. 


The  following  table  is  calculated  according  to  the  formula: 


0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

1.0 

i> 

.131 

.138 

.158 

.■206 

.294 

.440 

.661 

.977 

1.408 

1.978 
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If  one  curve  BD,  Fig.  10,  is  terminated  by  another,  -which  turns  the 
stream  further  in  the  same  direction,  if  eg,  the  axis  of  the  pipe  forms  a 
semicircle,  like  BBE,  Fig.  11,  the  contraction  is  not  changed  and  ^  has 
the  same  value  as  for  the  pipe  in  Fig.  10,  which  forms  a  quadrant.  If, 
on  the  contrary,  a  curve  BE,  Fig.  12,  which  turns  the  stream  in  the 
opposite  direction,  is  attached  to  the  first  one,  an  eddy  is  formed  between 
the  two,  and  a  second  contraction  of  the  stream  takes  place  by  which 
the  resistance  (?/')  is  nearly  doubled. 
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APPENDIX. 

Loss   OF   Head   due   to    Feiction  of  Water    in   Pipes   having  veky 
Smooth  Intebiok  Sides  similak  to  Brass  and  Lead  Pipes,  etc. 

Table  calculated  from   a  formula  by  Edmund  B.  Weston,  M.  Am. 
Soc,  C.  E.,  for  Pipes  100  Feet  in  Length,  showing: 

1st.  The  mean  velocity  of  the  -water  flowing  in  the  pipe,  in  feet  per 
second. 

2d .  The  interior  diameter  of  the  jaipe. 

3d.  The  loss  of  head  due  to  friction,  in  feet. 

4th.  The  number  of  gallons  of  water  delivered  per  minute. 

Loss  OF  Head   due   to   Friction  of  Water    FiiOWiNG   in   Pipes    100 
Feet  in  length,  having  very  Smooth  Interior  Sides. 

{Weston's  Foi'viula.) 


Internal  Diameter  of  Pipe  in  Inches. 

• 

u 

p. 

'A 

n 

K 

1 

l>i 

Is 

h 

■§.2 

tk 

!-t 

"^.2 

u 

^.2 

b 

a>  h 

•h   u                ">      . 

<B    U 

a 

W-: 

ft® 

td  •^ 

»« 

M* 

*«• 

tqf^ 

P.  a 

W^ 

Pi  0 

>» 

<«  o 

OQ    r- 

t«  ° 

2  3 

vh  0 

m  3 

<«  0 

S  3 

<«  0 

a  3 

.*^ 

•^ 

=;:« 

y.9 

°Za 

^.5 

°;fl 

§.2 

0)  fl 

§.a 

g.3 

o 

02    S    O 

13S 
0 

0 

05   S    9 

=3S 
d3 

00   p3  0 
§-0:3 

■■i^ 
0 

06  3  0 

iS 
0 

> 

h) 

Hi 

Hi 

k) 

h] 

1 

1.55 

0.61 

1.22 

0.96 

1.00 

1.38 

0.73 

2.46 

0.56 

3.83 

2 

4.94 

1.22 

3.9 

1.91 

3.21 

2.75 

2.34 

4.90 

1.82 

7.66 

3 

9.85 

1.84 

7.79 

2.87 

6.41 

4.13 

4.68 

7.34 

8.65 

11.48 

4 

16.18 

2.45 

12.79 

3.83 

10.54 

5.51 

7.72 

9.79 

6.02 

15.30 

6 

32.83 

3.67 

25.99 

5.74 

21.43 

8.26 

15.73 

14.69 

12.31 

22.95 

8 

54.57 

4.90 

43.24 

7.65 

35.68 

11.02 

26.23 

19.58 

20.56 

30.60 

10 

81.23 

6.12 

64.39 

9.56 

53.17 

13.77 

39.14 

24.48 

30.72 

38.25 

i3 

130.17 

7.96 

103.26 

12.43 

85.32 

17.90 

62.90 

31.82 

49.44 

49.73 

16 

189.61) 

9.79 

150  49 

15.30 

124.41 

22.03 

91.82 

39.17 

72.26 

61.20 

20 

284.81 

12.24 

226.19 

19.13 

187.10 

27.64 

138.24 

48.96 

108.92 

76.60 

25 

429.08 

15.30 

340  93 

23.91 

282.17 

34.43 

208.71 

61.20 

164.64 

95.63 

30 

600.90 

18.36 

477.65 

28.69 

395.48 

41.31 

292.79 

73.44 

231.16 

114.75 

35 

799.95 

21.42 

636.09 

33.47 

526 , 84 

48.20 

390.32 

85. 6M 

308.39 

133.88 

40 

1026. 

24.48 

816.02 

38. 'je 

676.08 

55.08 

501.16 

97.92 

396.21 

163.00 

45 

1279. 

27.54 

1017. 

43.04 

843.03 

61.97 

625.23 

110.16 

494.54 

172.13 

50 

1.558. 

30.  (iO 

1240. 

47.82 

1028. 

68.85 

762.44 

122.40 

603.35 

191.26 

55 

1863. 

33.66 

1483. 

52.60 

1230. 

75.74 

912.71 

134.64 

722.58 

210.38 

60 

2195. 

36.72 

1748. 

57.38 

1449. 

82.62 

1076. 

146.88 

852.11 

229.50 

65 

2553. 

39.78 

2033. 

62.17 

1686. 

89.51 

1252. 

159.12 

992.01 

248.63 

66 


DISCUSSION    ON    FLOW    OF    WATER    IN    PIPES. 


Lobs  of  Head  due  to  Fkiotion  of  Water  flowing  in  Pipes  100  feet 
in  length  having  veby  smooth  interior  sides. 

{Westo7i's  Formula.) 
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ErDOLPH  Hering,  M.  Am.  Soc.  C.  E. — The  present  paper,  like  the 
former  ones  of  Mr.  Weston,  contains  matter  of  considerable  value  and 
interest  and  bears  testimony  to  the  j^ainstaking  and  the  accuracy  in  de- 
tails vpith  which  its  author  has  approached  the  jsroblem.  The  com- 
pleteness with  which  mo.st  of  the  known  experiments  on  the  flow  of 
water  in  pipes  have  been  given  and  arranged  is,  I  think,  not  exceeded  in 
any  other  single  publication.  The  new  formula  which  he  has  devel- 
oped therefrom  for  the  flow  in  very  smooth  pipes  of  i  to  3^  inches  in 
diameter  is,  as  he  clearly  demonstrate?,  practically  correct,  and  is  pos- 
sibly the  best  one  that  has  up  to  the  present  time  been  suggested  within 
the  limits  and  under  the  qualifications  given. 

My  object  in  sending  this  discussion  is  not  to  question  the  accuracy 
of  this  formula,  but  to  express  my  doubts  as  to  the  propriety  of  advocat- 
ing one  having  what  I  think  is  a  faulty  construction.     Had  the  author 
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■confined  himself  to  recommending  the  table  on  page  55,  which  gives 
the  values  of  the  co-efficient  of  friction  within  the  indicated  limits  of  the 
diameter  of  pipe  and  of  the  velocity  in  the  same,  or  had  he  recommended 
a  diagram  exhibiting  these  values,  I  should  have  said  that  I  believe  the 
table  or  diagram  gives  the  most  reliable  published  average  results  for 
the  purpose  set  forth  in  its  heading.  To  suggest  a  new  formula,  how- 
ever, particularly  with  so  limited  a  range  of  applicability  as  in  this  case, 
is,  I  think,  somewhat  qiiestionable  wisdom.  It  is  a  case  similar  to  that 
mentioned  by  Mr.  F.  P.  Stearns,  M.  Am.  Soc.  C.  E.,  in  the  discussion 
of  Yonge's  formula  (see  Transactions,  Am.  Soc.  C.  E.,  Volume  XIV, 
page  15),  which  if  a^Dplied  not  far  outside  of  a  given  range  may  lead 
far  from  the  truth.  Could  we  always  append  to  the  formula  the  limits 
of  its  range  as  readily  as  we  can  indicate  them  in  the  integral  calculus, 
this  objection  to  the  formula  would  not  hold  good.  But  as  a  rule  this 
is  not  done,  and  we  find  one  book  after  another,  or  one  engineer  after 
another,  quoting  formulas,  but  stripped  of  some  of  their  essential 
qualifications,  and  then  using  them  for  what  they  were  never  intended. 
By  naturally  fixing  the  limitations  in  the  form  of  tables  or  diagrams  no 
one  could  unsuspectingly  drop  into  an  error. 

Further,  I  am  not  able  to  agree  with  Mr.  Weston  on  the  fundamen- 
tal construction  of  his  formula.  He  has  followed  the  precepts  of  Darcy 
in  recommending  a  separate  and  distinct  mathematical  expression  for 
ditferent  degrees  of  roughness  of  the  interior  surface,  whereas  we  ob- 
serve as  much  and  even  more  continuity  in  its  variation,  as  it  changes 
from  the  smoothness  of  glass  to  the  roughness  of  old  cast-iron  pipe,  than 
we  observe  in  the  diameter  of  marketable  pipes,  and  therefore  might, 
with  almost  equal  proi^riety,  deduce  a  separate  formula  for  each  diam- 
eter. In  fact,  we  see  that  often  a  barely  appreciable  difference  in  the 
character  of  the  interior  surface  has  a  greater  efifect  upon  the  co-efficient 
than  a  measurable  difference  of  diameter. 

It  therefore  seems  to  me  essential  to  the  proper  construction  of  any 
formula  used  for  the  flow  of  water  in  iJiijes,  that  the  degree  of  rough- 
ness should  be  embodied  in  it  as  a  variable  and  determinable  quantity 
just  as  much  as  the  diameter,  the  length  of  pipe,  or  its  hydraulic  gra- 
dient. The  introduction  of  such  a  variable,  as  is  well  known,  was  first 
attempted  by  Messrs.  Ganguillet  and  Kutter.  While  I  am  convinced  that 
their  own  formula  can  be  improved  both  in  construction  and  in  the  nu- 
merieal  values  of  its  constants,  yet  it  seems  indisputable  that  the  sug- 
gestion of  a  variable  co-efficient  of  roughness  is  a  step  in  advance  which 
I  think  should  no  longer  be  ignored.  Such  a  co-efficient  gives  the  en- 
gineer an  opportunity  to  exercise  i)ractical  judgment  in  the  selection  of 
a  definite  value  for  it  in  accordance  with  the  nature  of  the  perimeter, 
which  he  is  incapable  of  doing  intelligently  with  a  formula  in  which 
the  co-efficient  represents  the  combined  effects  of  a  number  of  causes, 
and  conceals  the  separate  effect  of  each  one  of  them. 
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Nor  do  I  think  it  logical,  by  following  Weisbacli's  lead,  to  base  the 
variation  of  the  only  co-efficient  ujDon  the  velocity  rather  than  upon  the 
gradient  or  slope  which  produces  it.  There  are  good  reasons  for  not 
doing  this  in  large  rivers  where  the  slope  is  often  inconsistent  with  the 
velocity,  or  cannot  be  determined  with  equal  accuracy.  But  for  pipe 
systems,  where  the  hydraulic  gradient  can  so  readily  be  measured,  I 
think  formulas  ought  to  have  their  co-efficient  based  uj)on  the  slope, 
irresjjective  of  the  other  inconvenience  in  Weisbach's  method  of  being 
first  obliged  to  api^roximate  the  desired  velocity  in  order  to  find  the 
proper  coefficient. 

That  Mr.  Weston  could  not  obtain  a  satisfactory  formula  for  old  cast- 
iron  pipes  is  due  to  the  fact  that  virtually  he  was  trying  to  find  for  them 
a  fixed  degree  of  roughness.  Had  he  introduced  a  coefficient  per- 
mitting the  exercise  of  some  judgment  regarding  the  relative  degree  of 
this  roughness  in  a  particular  pipe,  he  would,  I  thiuk,  have  found  a  for- 
mula in  which  he  could  have  had  more  confidence. 

Edmund  B.  Weston,  M.  Am.  Soc.  C.  E. — I  regret  that  I  have  not 
been  able  to  construct  a  formula  for  the  flow  of  water  in  pipes  having 
very  smooth  interior  sides,  similar  to  lead  and  brass  pii^es,  which  I  can 
recommend  for  larger  diameters  than  3.5  inches  ;  but  unfortunately  I 
had  not  sufficient  experimental  data  to  do  this  satisfactorily.  I  there- 
fore restricted  myself  to  the  experimental  data  that  I  had  at  hand,  and 
constructed  a  formula  which  agrees  remarkably  well  with  exjjerimental 
results,  as  can  be  seen  by  examining  the  diagrams  from  No.  7  to  No.  14. 
I  was  well  aware  that  there  would  be  a  possibility  of  the  formula  being 
applied  to  pipes  having  larger  diameters  than  3.5  inches,  consequently 
I  was  very  particular  in  my  paper  to  emphasize,  in  addition  to  the  limit 
of  diameters,  the  nature  of  the  pipe  for  which  the  formula  was  intended. 
And  as  the  pipes  whose  interior  sides  are  very  smooth,  which  have  diam- 
eters larger  than  3.5  inches,  are  not  used  at  the  present  time  to  con- 
vey water,  unless  possibly  in  very  exceptional  cases,  it  seems  to  me  that 
with  reasonable  precautions  there  should  not  be  any  danger  of  the 
formula  being  applied  beyond  its  limit.  In  fact  there  are  few  formulas 
but  what  are  in  reality  more  or  less  limited  in  their  range,  if  the  exjDeri- 
ments  from  which  they  were  constructed  are  criterions;  even  Ganguillet 
and  Kutter  state  that  their  formula  must  not  be  expected  to  apply  to 
cases  beyond  the  range  of  the  data  from  which  it  was  derived. 

I  recognize  how^  valuable  a  reliable  general  formula  would  be  which 
could  be  aijplied  to  all  kinds  of  piijes,  and  which  would  contain  a 
co-efficient  permitting  the  exercise  of  some  judgment  regarding  the 
relative  degree  of  roughness  in  a  particular  pipe  ;  but  had  I  been  dis- 
jiosed  to  have  attempted  the  construction  of  such  a  formula,  it  would 
not  have  been  possible  for  me  to  have  done  so  from  the  experimental 
data  that    I  had    accumulated,   as  a  preliminary   investigation   that   I 
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made  relative  to  a  fovmiila  of  tliis  kind  developed  results  from  these 
data  which  were  entirely  too  conflicting. 

Mr,  Hering's  opinion  that  formulas  ought  to  have  their  co-efficients 
"based  upon  the  hydraulic  gradient  rather  than  the  velocity,  does  not 
■entirely  coincide  with  my  views  in  regard  to  formulas  for  the  flow  of 
water  in  pipes  under  pressure,  although  I  admit  that  such  formulas 
would  be  very  convenient  at  times,  as  in  the  majority  of  cases  iu  water- 
pipe  calculations  the  result  sought  after  is  the  loss  of  head  due  to  fric- 
tion, and  not  the  velocity,  as  is  generally  the  case  in  calculations  relating 
to  rivers  and  open  channels. 

In  regard  to  constructing  a  perfect  and  reliable  ganeral  formula  that 
could  be  applied  to  old  cast-irou  pipes,  if  such  a  thing  were  possible, 
especially  if  the  age  of  the  pipes  was  the  basis  upon  which  judgment 
was  to  be  formed  as  to  the  condition  of  their  interior  surfaces,  it  seems 
to  me  that  in  addition  to  a  co-efficieut  of  roughness,  etc.,  etc.,  it  would 
be  quite  important  to  embody  in  the  formula  a  co-efficient  dependent 
upon  the  chemical  constiiuents  of  the  water  that  was  flowing  in  the 
i:)ipes,  or  that  was  to  flow  in  the  same,  as  it  is  well  known  that  some 
waters  cause  cast-iron  pipes  to  corrode  much  faster  than  other  waters. 
For  instance,  it  can  be  seen  in  Table  No.  1  that  co-efficients  of  friction  (C) 
worked  out  from  experiments  that  were  made  in  Philadelphia  with  cast- 
iron  pipes  respectively  seven  and  eleven  years  old,  are  about  twice  as 
large  as  co-efficients  of  friction  (Z)  derived  from  experiments  that  were 
made  in  England  with  cast-iron  pipes  respectively  seven  and  thirteen 
years  old. 

Chas.  E.  Emery,  M.  Am.  Soc.  C.  E. — I  had  occasion  to  closely 
examine  the  general  formulas  on  the  subject  of  the  flow  of  fluids  in  de- 
veloping an  expression  for  the  flow  of  steam.  The  formula  selected 
was  based  on  that  of  Weisbach,  and  the  simple  form  applicable  for 
water  was  found  to  answer  every  purpose  for  small  losses  of  jiressure  in 
transmission,  although  a  diff'erential  formula  was  developed  to  cover  all 
conditions.  In  a  cursor^'  examination  of  the  various  papers  that  have 
been  read  on  the  subject  of  the  flow  of  water,  it  has  occurred  to  me 
that  the  consideration  of  one  important  source  of  information  has  been 
omitted.  Experiments  have  been  made  with  great  care  on  the  skin 
resistance  of  vessels  moving  through  the  water.  Froude  published,  in 
the  Transactions  of  the  British  Association  for  the  Advancement  of 
Science,  some  ten  years  ago,  a  series  of  curves  showing  the  resistance  of 
a  large  model  hull  at  difierent  velocities  and  for  diff"erent  lengths  of  sur- 
face operated  upon.  He  found  that  the  unit  resistance  decreased  rapidly 
as  the  length  was  increased,  but  became  nearly  constant  after  the  length 
exceeded  100  feet.  Necessarily  the  frictional  resistance,  caused  by  the 
interior  surface  of  pipes,  corresponds  to  the  skin  resistance  of  a  vessel 
in  the  water,  and  the  results  from  the  two  methods  of  experiment  can 
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be  compared  with  advantage.     The  Froude  results  show  that  experi- 
ments with  short  pipes  should  show  greater  resistance. 

I  fully  agree  with  Mr.  Hering  that  all  the  results  of  experiments 
should  be  shown  by  one  general  formula.  This  can  only  be. accomplished 
by  introducing  in  such  formula  a  suitable  number  of  variables,  usually 
called  constants,  which  can  be  modified  to  suit  the  particular  conditions 
and  thereby  cause  the  formula  to  produce  substantially  the  experimental 
results.  It  has  been  stated  again  and  again  that  the  character  of  the 
interior  surface  should  be  considered  in  the  formula,  but  it  does  not  as 
yet  appear  to  have  been  done  satisfactorily.  I  have  heard  the  proposed 
constant  termed  the  co-efficient  of  rugosity,  although  the  term  does  not 
api^ear  in  either  of  the  papers  of  the  Society.  The  skin  resistance  has 
been  pretty  well  shown  to  be  due  to  eddies  produced  by  the  roughness 
of  the  surface.  Old  navigators  can  tell  pretty  well  the  speed  of  a  vessel 
by  looking  at  the  distance  the  foam  produced  by  the  eddies  extends 
from  the  side.  In  a  running  stream  the  water  striking  large  stones  be- 
low is  thrown  upward  to  the  surface,  as  shown  clearly  by  Mr.  Francis* 
exiseriments  with  white-wash  in  one  of  the  races  at  Lowell.  In  a  dis- 
cussion of  that  paper  I  called  attention  to  how  well  these  experiments 
compared  with  the  acce^Jted  theories  of  eddy  resistance.  The  rougher 
the  surface  the  more  the  particles  are  deflected  from  a  direct  course  and 
the  farther  the  eddy  resistance  penetrates  the  central  stream.  It  would 
seem  that  sufficient  experiments  are  now  available  with  surfaces  of 
dififerent  characters  to  enable  a  co-efficient  to  be  introduced  into  the 
ordinary  water  formula  which  would  allow  accurately  for  all  customary 
variations.  It  might  be  well  for  those  interested  in  the  subject  to 
examine  some  discussions  by  Rankin  and  others  on  the  laws  of  eddy 
resistance,  so  that  the  co-efficient  of  rugosity  would  be  introduced  at 
the  ijroijer  power  to  produce  variations  corresponding  with  those  shown 
by  experiment. 

Mr.  Weston. — D'Aiibuisson  in  his  "  Traite  D'Hydraulique,"  pub- 
lished, I  think,  about  1850,  in  an  article  upon  the  action  of  water  by 
its  resistance,  recognizes  that  the  increase  in  the  length  of  a  body 
moving  through  the  water  very  perceivably  diminishes  its  unit  of  re- 
sistance. 

A  few  preliminai'y  experiments  that  I  made  in  1876,  relative  to  the 
flow  of  water  in  pipes,  owing  to  the  peculiarity  of  the  results  obtained,, 
led  me  to  make  an  investigation  with  the  experimental  data  of  quite 
a  number  of  authorities  in  order  to  ascertain  if  the  co-efficient  of 
friction  (?)  was  in  any  way  dependent  upon  the  length  of  the  pijjes. 
This  investigation  was  rather  an  unsatisfactory  one  in  some  respects,  as 
in  nearly  the  whole  of  the  experimental  data  of  the  very  short  pipes 
that  were  used  the  co-efficient  of  influx  (s)  entered  into  the  problem,  and 
in  some  instances  it  had  to  be  assumed.     The  results,  however,  showed 
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decidedly  that  the  vahie  of  the  co-efficient  of  friction  (C)  was  not  in- 
fluenced by  the  length  of  the  pij^es. 

I  have  already  expressed  my  views  in]regard  to  a  general  formula  in 
my  I'eply  to  Mr.  Bering's  discussion. 

E.  Sheesian  Gould,  M.  Am.  Soc.  C.  E. — This  paper  contains  the 
results  of  some  interesting  experiments  upon  the  flow  of  water  in  pipes, 
as  well  as  a  very  comprehensive  and  valuable  review  of  the  labors  of 
other  investigators  in  the  same  line. 

The  great  number  of  these  experiments  which  have  been  made,  and 
the  somewhat  discordant  formulas  deduced  from  them,  naturally  lead  us 
to  inquire  into  the  cause  of  such  disagreement. 

This  much  must  be  said  of  all  formulas  founded  upon  experiment : 
granting  the  accuracy  of  the  measurements  and  records,  the  formulas 
must  be  true  for  the  cases  from  which  they  were  derived,  and  any  others 
which  should  give  different  results  would,  for  these  particular  cases,  be 
incorrect,  for  the  results  were  known  in  advance,  and  the  formulas  made 
to  fit  them. 

The  value  of  such  formulas  dej^ends  wholly  upon  the  extent,  perfec- 
tion and  trustworthiness  of  their  experimental  data.  In  these  respects 
the  magnificent  researches  of  Darcy  seem  to  command  the  greatest 
confidence.  No  other  experiments,  unless  conducted  upon  a  still  more 
perfect  scale  and  guided  by  a  surer  and  more  discriminating  judgment 
than  his,  should  be  considered  as  invalidating  the  results  left  us  by  this 
illustrious  experimentalist.  So  far  from  being  invalidated,  it  would 
appear  that  his  formulas  have  been  generally  corroborated  by  subse- 
quent investigations.  Mr.  Charles  B.  Brush's  observations  on  a  20-inch 
main,  which  have  been  already  laid  before  the  Society,  and  cjuoted  in 
this  paper,  agreed  very  closely  with  those  obtained  by  using  Darcy's 
formulas  for  the  same  data.  Darcy's  experiments  do  not  include  the 
larger  diameters  of  pipe,  but  I  understand  that  the  actual  volumes  dis- 
charged by  the  48-inch  main  of  the  Bronx  River  Water  Supply  agree 
within  three  per  cent,  of  those  given  by  his  formula.  I  am  glad  to 
perceive,  by  the  paper  now  under  discussion,  that  Mr.  Weston  also  finds 
his  results  to  agree  very  well  with  those  of  Darcy. 

From  a  practical  point  of  view,  the  state  of  the  question  seems  to  be 
this  :  Given  a  certain  number  of  trustworthy  experiments  it  is  easy  to 
formulate  an  equation  which  shall  return  the  observed  results,  and  this 
equation  will  always  be  true  for  identical  conditions  of  pipe.  But  any 
change  in  the  conditions  will  vitiate  the  formula  to  a  greater  or  less 
extent,  and  render  a  new  one  necessary.  In  order  to  apply  the  formula, 
we  must  know  exactly  the  conditions  upon  which  it  was  framed.  These 
can  only  be  described  by  saying  that  the  interior  surf  ace  of  the  pipe  was 
"smooth,"  or  "rough,"  or  "slightly  tuberculated,"  etc.  All  this  is 
very  vague,  and  yet  the  state  of  the  inside  surface  is  a  controlling  factor 
in  the  problem.     Moreover,  a  system  of  pipes  when  first  laid  is,  or 
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should  be,  iu  a  condition  of  smootliness.  Later,  it  will  become  more  or 
less  rough  or  even  tuberculated,  which  will  not  only  change  the  char- 
acter of  the  inside  surface,  but  also  reduce  the  diameter.  It  would 
seem  idle,  therefore,  to  go  into  a  great  refinement  in  the  matter  of  a 
formula,  particularly  if  the  refinement  leads  to  a  shaving  down  of  the 
diameter. 

As  regards  the  efiect  of  the  velocity  itself  as  affecting  the  formula, 
although  there  seems  to  be  no  doubt  that  the  co-efficient  for  the  same 
pipe  varies  somewhat  with  the  velocity — that  is,  with  the  sine  of  the  angle 
of  inclination — yet,  it  must  be  remembered  that  in  practice  no  very 
great  extremes  of  yelocity,  either  way,  are  admissible,  so  that  this 
factor  is  kept  within  comparatively  narrow  limits  of  variation,  admit- 
ting of  a  mean  value  being  assumed,  for  most  cases. 

I  would  not  be  understood  as  depreciating  the  value  of  such 
researches  as  those  embodied  in  Mr.  Weston's  able  and  instructive  pajjer. 
They  lie  at  the  very  foundation  of  all  sound  science.  I  would  wish 
simply  to  direct  attention  to  the  immediate  bearing  of  the  formulated 
results  upon  the  actual  j)ractice  of  designing  a  line  of  water  supply  pipes, 
and  to  indicate  what  we  can  and  what  we  cannot  expect  from  a  formula 
in  this  connection. 

Mr.  Weston. — That  Mr.  Gould  has  such  a  high  opinion  of  the  value 
of  the  investigation  and  formulas  of  the  late  Henry  Darcy,  I  am  very 
glad  to  learn,  not  only  on  account  of  my  having  recommended  his  for- 
mulas for  new  cast-iron  pipes,  but  for  the  reason  that  a  number  of  writers 
upon  hydraulic  subjects  have  seemingly  taken  great  pains  not  only  to 
depreciate  the  formulas  of  this  eminent  engineer,  but  also  to  question 
the  value  of  his  experimental  results.  I  regret,  however,  that  Mr.  Darcy 
did  not  deduce  a  formula  for  jupes  having  very  smooth  interior  side.e, 
although  his  experiments  with  pipes  of  this  class  were  somewhat 
limited. 

Mansfield  Merkiman,  M.  Am.  Soc.  C.  E. — The  formula  deduced  by 
Mr.  Weston  for  loss  of  head  in  friction  has  the  disadvantage,  in  com- 
mon with  those  presented  by  other  authors,  of  being  empirical  and  not 
rational.  It  is  not  easy  to  see,  however,  how  a  theoretical  expression 
for  this  lost  head  can  be  established,  and  accordingly  experiment  must 
be  the  only  guide  for  a  long  time  to  come.  Mr.  Weston's  formula  can 
be  written  thus: 

3.  3. 

hf  =  0.0126  -V-  -^  +  0.0315  -4-  jr 0.06  /  ~ 

in  which  only  the  first  term  of  the  second  member  is  homogeneous  with 
h^  indicating  that  the  numbers  0.0315  and  0.06  are  functions  of  v  or  d, 
whose  relations  are  not  yet  known.  I  do  not  like  the  presence  of  the 
minus  sign  before  the  last  term  of  this  expression,  for  if  the  friction  head 
be  due  to  several  causes  it  is  not  easy  to  see  why  any  cause  would  pro- 
duce a  negative  effect. 
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The  diagrams  show  that  the  formula  agrees  very  well  with  the  experi- 
ments, and  hence  the  labors  of  Mr.  Weston  will  be  of  value  to  all  who 
wish  to  make  computations  on  the  discharge  through  pipes.  It  is  my 
impression  that  other  formulas  might  be  devised  which  would  exhibit 
an  accordance  nearly  or  quite  as  good,  but  it  does  not  seem  very  impor- 
tant that  further  investigations  should  be  undertaken  until  something 
is  known  regarding  ,the  theoretical  laws  which  control  the  friction  of 
flowing  water.  With  such  a  complex  empirical  expression  as  that  of 
Kutter's  formula  I  have  no  sympathy  whatever.  The  laws  of  nature 
are,  of  course,  not  simple,  but  it  cannot  be  at  all  supposed  that  the  true 
law  of  loss  of  energy  in  friction  is  represented  by  such  algebra  as 
Kutter's  formula  contains. 

The  loss  of  head  due  to  sudden  contraction  of  the  diameter  of  a  pipe 
is,  I  think,  always  less  than  that  given  by  Mr.  Weston.  He  states  for 
all  cases  that  the  co-eflScient  0  is  0.316,  and  that  this  is  increased  by 
resistance  and  friction  to  0.505.  Now  the  number  0.505  applies  to  the 
case  where  the  diameter  d  (Fig.  4),*  is  very  large  compared  with  c/,,  as 
for  instance,  when  water  enters  a  pipe  from  a  reservoir.  It  is  clear  that 
when  d=  di,  the  value  of  tp  should  be  zero,  for  in  this  event  no  loss  of 
head  due  to  contraction  occurs.  A  proper  expression  for  the  value  of  cp 
should  hence  depend  u^jon  the  ratio  of  d  to  f/j,  As  a  reasonable 
approximation  I  suggest  the  formula: 


(f> 


-^a-^y 


in  which  c^  is  the  co-efficient  of  contraction  of  the  stream  in  passing 
through  the  orifice  whose  diameter  is  di.  Let  r  denote  the  ratio  of  d  to 
di,  then  the  value  of  c^  in  terms  of  r  may  be  stated  by  the  following 
expression,  proposed  in  the  second  edition  of  my  Treatise  on  Hy- 
draulics : 

0.  =  0.682 +°,«^ 
1.1  —  r 

which  is  based  upon  the  mean  value  c^  =0.62  when  r  =  0,  and  the 
known  result  c^  =  1.0  when  r  =  1.  The  numerical  values  of  0  for  dif- 
ferent values  of  r  can  now  be  ascertained,  c^  being  first  computed,  and 
thus  are  found, 

For?"  =  0.0,       0.2,       0.4,       0.6,       0.7,       0.8,       0.9,       1.0, 
0  =  0.50,     0.47,     0.42,     0.34,     0.28,     0.20,     0.09,     0.00. 

These  values  of  </>  are  given  with  only  two  decimals,  for  I  regard  it 
as  useless  to  write  the  third  decimal  in  cases  where  even  the  second  is 
uncertain. 

Mr.  Weston. — I  consider  the  ideas  of  Professor  Merriman  relative  to 
the  co-efficient  of  resistance  (0)  of  water  passing  from  a  large  to  a  small 
pipe  very  reasonable.    I  gave  in  my  paper,  as  I  so  stated,  the  co-efficient 

*  d  and  d^  being  diameters,  and  J" and  Fi  areas,  as  indicated  on  Fig.  4,  page  62. 
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0  of  Weisbacla,  as  I  had  not  made  any  experimental  investigation  based 
upon  the  idea  of  determining  a  co-efficient  of  this  kind,  considering  that 
his  co-eflficient  was  a  safe  and  simple  one  to  use.     The  difference,  how- 

ever,  in  the  loss  of  head  by  the  formula  hf=  (p-^^,  would  be  only  0.11 

feet  for  the   greatest  velocity  that  water   should   be   allowed  to  flow 

through   distribution    pipes,  by   using  either  the  smallest  co-efficient 

0.09  given  by  Professor  Merriman,  or  the  co-efficient  0.505  of  Weisbach. 

I  have  found  recently  in  the  second  volume  of  Weisbach's  work  that 

a  formula  corresponding  to  0  =  M j^  )  is  mentioned  (the  co-effi- 
cient (/j  given  in  my  paper  being  taken  from  the  first  volume). 

John  E.  Freeman,  M.  Am.  Soc.  C.  E. — The  present  state  of  the  art 
of  computing  the  loss  of  head  in  an  ordinary  given  j^ipe  when  delivering 
a  given  quantity,  is  about  like  figuring  out  a  formula  to  four  places  of 
decimals  and  getting  a  result  that  may  be  relied  upon  as  correct  within 
25  jjer  cent.  We  are  all  interested  in  eiibrts  to  reduce  this  margin  of 
uncertainty. 

Occasional  reports  of  Mr.  Weston's  work  in  the  field  of  water  supply 
have  given  me  full  confidence  in  the  earnestness  with  which  he  seeks  the 
truth  and  have  led  me  to  respect  the  generous  diligence  with  which  he 
gives  the  results  of  his  labors  to  the  craft. 

I  feel  more  free  to  discuss  the  matter  at  this  time  from  the  fact  that 
the  author  has  full  opportunity  to  rej^ly  to  all  comments  and  criticisms 
in  closing  the  discussion,  and  believe  it  for  the  best  interests  of  both 
the  Society  and  the  authors  that  all  paj)ers  like  this  should  be  subject 
to  a  searching  examination  from  the  different  points  of  view  of  different 
minds  while  the  whole  matter  is  fresh  and  the  author  has  opportunity  to 
answer  and  explain. 

It  seems  to  me  that  Mr.  Weston  is  off  the  true  road  towards  a  thor- 
oughly satisfactory  formula  for  the  flow  of  water  in  pipes. 

I  would  maintain  as  a  foundation  principle  that  a  formula  represent- 
ing the  law  of  flow  in  pipes,  to  be  satisfactory,  must  contain  as  a  very 
important  and  controlling  factor,  a  term  dependent  ui)on  the  roughness 
of  the  interior  surface  of  the  pipe. 

Mr.  Weston's  discussion  of  this  question  does  this  only  in  a  crude 
and  indirect  manner,  by  adapting  special  formulas,  each  of  narrow  appli- 
cation, to  some  of  the  different  classes  of  pipes.  In  one  case  his  variable 
co-efficient  is  a  function  of  only  the  diameter  as  a  variable,  in  another  of 
only  the  velocity,  and  in  another  of  both  the  diameter  and  the  velocity. 

There  is  no  reason  to  sui^pose  that  the  actual  law  thus  varies. 

His  investigation  brings  but  little  new  data  to  light,  and  thus  is  not 
an  experimental  but  an  algebraic  research,  seeking  the  equation  to  a 
curve,  which  shall  be  as  nearly  as  possible  the  mean  of  the  plotted  data 
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for  each  of  the  several  classes  into  which  he  divides  certain  data  already 
well  known  and  disciissed. 

Mr.  Weston's  form  of  investigation  does  not  seek  an  expression  for 
a  law  that  is  broad  and  general  and  covers  the  flow  in  all  pipes,  and  in 
fairness  to  him  we  must,  I  think,  admit  that  there  is  not  on  record  the 
data  with  which  he  could  have  conveniently  sought  one. 

I  believe  there  is  such  a  law,  and  that  when  we  have  more  experi- 
ments it  will  be  found.  The  missing  link  now  needed  to  tie  experiments 
on  different  pipes  together  and  bring  them  exactly  into  one  line,  or  ex- 
plain the  discrepancies  in  our  data  such  as  are  so  well  shown  in  the  con- 
venient diagrams  appended  to  Mr.  Weston's  paper,  is  an  accurate  and 
strictly  definite  description  of  the  character  of  the  surface. 

It  is  surprising  how  this  part  of  the  description  has  been  neglected 
in  nearly  all  recorded  experiments  relating  to  the  friction  loss  in  iron 
pipes.  Take  even  Darcy's  experiments,  in  which  he  demonstrated  what 
Hamilton  Smith,  Jr.  calls  the  most  brilliant  hydraulic  discovery  of  the 
century — the  powerful  influence  of  character  of  surface  on  the  flow. 
The  part  of  this  research  relating  to  efl'ect  of  rough  deposits  was  a  quali- 
tative analysis  and  not  a  quantitative  analysis,  for  where,  in  his  memoir, 
can  you  find  it  stated  whether  the  tubercles  or  deposits  which  he  found 
to  double  the  friction  loss  were  on  an  average  as  large  as  grains  of 
wheat,  or  as  large  as  cherries  ?  This  is  important  information  to  have, 
since  it  might  correspond  to  50  per  cent,  or  more  difference  in  the  loss 
of  head. 

While  discussing  the  desirability  of  including  a  special  co-efficient  of 
roughness  in  our  future  formula,  we  may  refer  to  the  fact  that  that  equa- 
tion of  wonderful  range,  the  "  Kutter  formula,"  is  applicable  to  express 
the  law  of  flow  in  pipes,  and  that  it  contains  a  special  co-efficient  of 
roughness,  and  that  in  the  very  complete  and  convenient  table  of 
hydraulic  data,  given  by  Messrs.  Hering  and  Trautwine  in  their  appen- 
dix to  Ganguillet  and  Kutter's  treatise,*  published  about  a  year  ago, 
nearly  all  of  the  five  hundred  experiments  tabulated  and  described  by 
Mr.  Weston  are  there  ja resented  with  the  Kutter  co-efficient  of  rough- 
ness computed  for  each. 

This  eftbrt  to  descrilie  the  law  of  flow  in  all  pipes  by  a  single  equa- 
tion is  highly  commendable  from  a  broad,  general  point  of  view,  but  it 
is  not,  however,  altogether  satisfactory. 

I  am  inclined  to  think  that  some  far  simpler  equation  than  that  of  the 
Kutter  co-efficient  may  be  found,  which  will  express  the  law  of  flow  in 
pipes  so  accurately  that  the  error  coming  from  approximations  involved 
in  its  algebraic  form  will  be  le  s  than  the  actual  variations  in  flow  due 
to  difi'erences  of  roughness  so  small  as  to  be  altogether  inappreciable  in 
any  ordinary  description  in  character  of  surface. 


*Flow  of  Water  in  Rivers  and  other  Channels.     Wiley  &  Sons.      New  York,  1839. 
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Turuing,  now,  to  the  subject  of  loss  of  head  in  clean  and  new  cast- 
ii'ou  pipes  :  These  by  no  means  all  have  the  same  character,  and  it  is 
useless  to  expect  one  formula  with  one  constant  to  apply  to  all.  Thus, 
for  instance,  we,  perhaps,  explain  in  part  the  difference  of  25  per  cent. 
in  co-efficient  C  found  between  Darcy's  results  and  the  two  newly 
reported  experiments  of  Mr.  Weston  on  a  6-inch  pipe.  I  have  seen  dif- 
ferent lots  of  new  6-inch  cast-iron  pipe,  which  differed  so  much  in 
character  of  surface  that  I  have  little  doubt  but  the  loss  of  head  would 
be  considerably  more  than  25  per  cent,  greater  in  one  than  in  another. 
This  difference  in  surface  came  from  the  degree  of  skill  with  which  the 
tar  coating  was  applied  even  more  than  from  the  difference  in  the  cast- 
ing as  it  came  from  the  foundry  sand.  Thus  some  tar-coated  cast-iron 
pipe  is  very  smooth  on  the  inside,  while  other  pipe  has  "  ribs  "  of  tar 
projecting  about  -rff-inch,  or  even  j-inch,  running  part  way  around  the 
circumference  where  the  tar  has  run  while  soft.  On  studying  the  col- 
lection of  experiments  on  new  cast-iron  pipe  now  available  as  data  and 
transcribed  from  one  book  to  another,  and  given  with  fullness  in  Iben's, 
Smith's,  Heriug  and  Trautwine's  and  Weston's  discussions,  it  will  be  seen 
that  causes  like  this  can  easily  obscure  the  true  law  or  the  refinements  of 
a  complicated  formula. 

Until  we  have  new  experiments  on  pipes  in  which  great  care  is  taken 
to  accurately  and  definitely  describe  the  exact  degree  of  smoothness  of 
the  interior  surface,  it  is  almost  hopeless  to  try  and  derive  an  accurate 
general  formula.  Meanwhile,  had  we  not  best  try  earnestly  to  avoid 
complicated  algebraic  expressions,  and  keep  onr  formulas  in  the  sim idlest 
possible  form. 

In  other  words,  is  not  that  simple  formula  of  the  last  century,  the 
Chezy  formula,  so  called,  when  accompanied  by  a  short  and  simple  table 
or  diagram  of  values  for  its  co-efficient,  better  for  practical  use  than  any 
of  the  more  complicated  formulas?  Until  we  get  that  extended  series  of 
quantitative  experiments  on  effect  of  roughness  is  not  this  simple  Chezy 
formula  :   V=  G  V  K  S. 

In  which  V  =  velocity  in  feet  per  second. 

C  =  co-efficient  of  flow  dependent  on  diameter,  velocity 

and  roughness  (Smith  represents  this  by  iV). 
E  =  hydraulic  radius  =  i  diameter  of  pipes  of  circular 

section. 
5  =  slope  =  ratio  of  loss  of  head  to  length  of  pipe, 

the  best  framework  on  which  to  display  for  comparison  such  new  bits  of 
experimental  data  as  we  may  from  time  to  time  secure.  Hamilton 
Smith,  Jr.,  so  used  it  in  his  most  excellent  treatise*  (which  is,  perhaps, 
the  most  thorough  of  all  in  the  care  taken  to  exclude  questionable  data) ; 
and  so  did  Hering  and  Trautwine  in    the  appendix  to  their  excellent 

*  Hydraulics,  Hamilton  Smith,  Jr.     Wiley  &  Sons.    New  York,  1886. 
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translation  of  tlie  Ganguillet  and  Kiitter  -work,  given  to  the  profession  a 
year  ago. 

The  valuable  tables  of  data  in  the  two  recent  books  just  mentioned 
give  nearly  all  the  experiments  on  flow  in  pipes  recorded  for  a  hundred 
years  back,  which  have  value  as  data  and  include  nearly  all  those  pre- 
sented by  Mr.  Weston.  When  presenting  new  data  by  reducing  it  to 
this  form,  it  is  much  more  convenient  for  reference  and  comparison. 

For  the  present,  is  it  not  better  to  observe  experiment  and  secure 
new  co-efficients  for  the  old  formula  rather  than  re-thrash  old,  and  in 
many  cases  blighted  straw,  to  devise  a  new  formula? 

With  regard  to  very  rough  or  corroded  pipes,  Mr.  Weston,  like 
nearly  every  author  who  attemj^ts  to  devise  special  form\ilas  for  the 
experiments  now  on  record,  or  attempts  to  make  experiments  on  one 
pipe  fall  in  line  with  those  on  another,  finally  gives  it  up  as  a  bad  job. 

The  trouble  in  reconciling  the  experiments  is,  I  think,  in  general, 
not  that  the  loss  of  head  has  been  inaccurately  measured,  not  that  the 
delivery  was  improperly  determined,  nor  is  it  that  the  net  diameter  is 
not  precisely  known. 

The  uncertainty  comes  from  vagueness  in  describing  the  character  of 
the  surface.  The  exact  character  of  the  surface  is  not  easy  to  deter- 
mine. In  many  cases  there  is  no  opportunity  to  inspect  it,  and  even  if 
opened  to  inspection  a  corroded  surface  is  difficult  to  describe  with 
precision. 

In  the  present  state  of  our  experimental  knowledge  is  it  not  almost 
useless  to  attempt  a  special  form  of  equation  for  these  very  rough  jjipes? 
Is  it  not  better  to  arrange  the  results  of  such  experiments  in  the  form  of 
a  comparison  of  the  loss  of  head  found  in  the  rough  pipe  with  that 
deduced  from  our  simple  formula  for  an  average  ordinarily  smooth 
pipe,  and  thus,  for  instance,  say  that  in  the  case  of  a  certain  pipe 
corroded  as  described,  it  was  found  that  the  loss  of  pressure  was  2.4 
times  as  great  as  the  formula  shows  for  a  smooth  pipe  of  same  size  and 
with  same  delivery?  With  each  experiment  expressed  in  this  way,  but 
condensed  into  tabular  form  along  with  the  various  hydraulic  elements 
of  the  case,  the  laresent  data  is  in  most  convenient  shape  for  practical 
application,  and  is  of  vei'y  great  value  in  conspicuously  calling  attention 
to  the  danger  when  designing  works  of  computing  the  friction  loss  as 
though  the  pipes  were  always  to  remain  new  and  clean. 

With  regard  to  the  particular  style  for  the  fundamental  formulas,  I 
notice  that  Mr.  Weston,  on  page  6  of  his  paper,  presents  the  formulas 
which  his  own  experience  has  shown  most  convenient.  These  are  those 
sometimes  known  as  Professor  Weisbach's.*  Is  not  the  convenie'nce  of 
this  type,  as  compared  with  the  modified  Chezy  form  as  used  by  Smith, 
Hering  and  Trautwine  and  others,  a  question  of  personal  habit  more 

*  Cox's  Translation  Weisbach's  Mechanics,  page  866  and  page  870.    Van  Nostrand,  1872. 
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than  anything  else?     The  latter  formulas  include  the  value  of  ^/  2  5' 
in  its  constant,  and  thus  gain  slightly  in  simplicity.     I  was  interested 
a  while  ago  to  look  up  this  matter  and  see  how  much  accuracy  it  was 
possible  to  lose  in  so  doing. 

If  for  the  value  of  v^  2  (7  "^'^  always  use  8. 02,  the  greatest  possible  error 
that  it  will  involve  for  any  place  in  latitudes  anywhere  between  the 
southern  point  of  Greenland  and  Key  West,  and  anywhere  from  sea  level 
to  5  000  feet  elevation  will  not  be  more  than  one-tenth  of  1  per  cent. 

Thus,  proper  as  it  may  seem  to  keep  this  value  in  sight  in  a  general 
formula  for  text-book  use,  it  seems  needless  to  load  a  practical  formula 
down  with  it,  and  we  are  justified  in  incorporating  merely  its  average 
value  into  the  constant  of  our  formula  for  ready  practical  use  where 
differences  of  surface  so  small  they  can  hardly  be  noticed  may  cause  5 
per  cent,  difference  in  the  friction  loss.* 

On  pages  6  and  7  of  Mr.  Weston's  paper  certain  special  formulas  are 
presented  for  compound  pipes  and  branching  pipes.  These  are  presented 
for  practical  use,  and  Mr.  Weston  uses  their  derivation  as  an  argument 
for  preferring  the  Weisbach  arrangement  of  formula.  On  looking  into 
these  with  a  little  care  it  appears  that  the  formulas  are  less  simple  in 
their  application  than  would  appear  from  the  first  glance,  since  when 
seeking  v  for  a  given  h  in  problem  No.  5,  for  instance,  the  several  values 
of  Z  all  depend  on  v,  and  the  problem  can  therefore  be  solved  only  by 
successive  approximations.  Second,  it  seems  to  me  that  problem  No.  5 
especially  presents  a  symmetry  in  the  equal  size  and  length  of  the  pipes 
in  the  successive  subdivisions,  which  would  almost  never  occur  in  ordi- 
nary practice,  and  therefore  I  do  not  think  the  facility  in  deriving  these 
formulas  should  be  allowed  to  weigh  too  heavily  in  favor  of  the  Weis- 
bach form. 

On  pages  62  and  63  Mr.  Weston  copies  from  Weisbach  without 
change  or  comment  some  formulas  for  effect  of  curves,  which,  though 
sad  to  tell,  are  the  best  yet  on  record,  were  derived  from  very  small 
pipes,  and  may  with  good  reason  be  distrusted,  and  ought  not  to  be 
quoted  in  this  manner  without  some  limit  or  qualifications. 

It  may  be  noted  that  at  the  middle  of  page  62  the  formula  for  effect 
of   contraction   as   it    stands    is   without  meaning.     A  proper  form   is 

0  =  ( 1  j    in  which  c  is  co-efficient  of  contraction  which  depends 

on  the  relative  area  of  Fi  and  F,  and  thus  needs  a  table  of  values  to 
accompany  the  formula. 

In  other  words,  the  formula  as  printed  implies  that  (/j  is  a  constant 
whatever  the  amount  of  reduction  in  diameter;  whereas,  from  the 
nature  of  the  case,  it  must  be  a  variable  of  considerable  range. 

*  We  might,  indeed,  in  the  effort  to  get  things  into  the  most  convenient  shape  for 
practical  use  waive  even  a  little  more  of  the  theoretical  shape  and  write  Q  =  c'  ^  d^  h  ^ 
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With  regard  to  the  table  of  data  and  descriptions,  occupying  from  the 
8th  to  the  48th  page,  it  appears  that  the  experiments  on  two  of  the  pipes 
there  mentioned  are  original  and  published  for  the  first  time.  Xearly 
all  the  others,  which  are  reliable  enough  to  found  a  formula  upon,  have 
been  discussed  in  what  seems  to  me  a  more  thorough  and  searching 
manner  by  a  distinguished  member  of  our  Society,  Mr.  Hamilton  Smith, 
Jr.,  in  his  book  published  three  years  ago,  and,  as  already  intimated,  all 
have  their  hydraulic  elements  and  co-eflficients  adapted  for  both  the 
Kutterand  the  Chezy  formiilas  presented  in  the  apfjendix  to  Hering 
and  Trautwine's  translation  of  Kutter.  It  is  a  matter  to  be  regretted 
that  the  loss  of  flow  deduced  by  Hamilton  Smith,  Jr. ,  from  substantially 
the  same  experiments  discussed  by  Weston,  was  not  represented  along 
with  the  other  curves  upon  the  very  excellent  and  convenient  diagrams 
of  Mr.  Weston.  This,  prior  to  Mr.  Weston,  was  the  most  recent  study 
of  the  subject,  and  although  Mr.  Smith  leaves  the  subject  in  rather  an 
abrupt  and  incomplete  shape,  in  that  his  values  for  /\  are  not  clearly 
defined,  and  that  the  gajjs  between  his  curves  of  values  for  practical  use 
are  rather  wide,  esj)ecially  for  pipes  under  12  inches  in  diameter — (this 
was  influenced,  no  doubt,  by  a  lack  of  data,  which  still  exists) — yet,  his 
conclusions  are  of  great  value. 

-Mr.  Smith  used  substantially  the  same  data  as  that  from  which  Mr. 
Weston  satisfied  himself  that  the  Darcy  formulas  were  satisfactory,  and 
came  to  a  difi'erent  conclusion  and  presented  a  law  of  his  own  derivation, 
and  one  which,  like  Mr.  Weston's  new  formula  for  smooth  pipes,  made 
the  value  of  the  co-eflficient  dejiend  on  both  the  diameter  and  the 
velocity.  It  is  true  Mr.  Smith  presented  his  law  expressing  the  values 
of  the  co-efiicient  in  graphical  form  rather  than  in  an  algebraic  one,  with 
perhaps  the  same  view  as  expressed  by  a  previous  speaker,  that  a  curve 
or  a  table  is  less  liable  to  be  used  beyond  its  proper  limits  than  a 
formula. 

We  may  also  refer  to  the  very  convenient  diagram  given  in  Mr, 
J.  T.  Fanning's  comments  on  Mr.  Brush's  very  interesting  pajjer  on 
Waste  and  Friction  Loss  in  Water  Mains,*  as  another  illustration  of  the 
use  of  a  diagram  for  expressing  the  various  values  for  the  co-efiicient  of 
flow  in  terms  of  both  the  diameter  and  velocity. 

Finally,  I  may  venture  the  comment  that  so  far  as  I  yet  see  Mr. 
Weston  has  left  the  main  question  just  where  he  found  it ;  that  is  the 
question  concerning  the  flow  in  ordinary  cast-iron  pipes,  which  are  those 
that  the  hydraulic  engineer  has  to  deal  with  in  nineteen  cases  out  of 
twenty.  As  I  read  the  paper  through,  it  seemed  that  the  main  new 
feature  of  value  presented  is  that  of  the  formula  for  very  smooth  j^ipes, 
from  i  to  3h  inches  in  diameter. 

The  presentation  of  the  exj)eriments  by  Mr.  Weston  upon  the  1-inch 

*  Transactions,  Vol.  XIX,  No,  395,  p.  112,  September,  1888. 
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tin-lined  iron  pipe  and  the  6-incli  cast-iron  pipe  are  to  be  "welcomed  ;  but 
it  is  to  be  regretted  that  the  jDossible  limits  of  error  are  not  investigated 
and  stated,  and  the  experiments  described  with  the  fuDness  so  necessary 
to  give  high  scientific  value —  such,  for  instance,  as  that  with  which  Ham- 
ilton Smith,  Jr.,  describes  most  of  the  new  data  on  pipes  which  he  pre- 
sented to  the  Society  in  1883,  and  described  in  his  Hydraulics,  page  290 
et  seq.  As  the  record  now  stands  we  must  regard  these  new  experiments 
merely  as  approximations. 

In  the  final  revision  of  his  pajjer,  I  hope  Mr.  Weston  may  explain  a 
little  more  fully  the  magnitude  of  the  obstruction  formed  by  the  sheet 
tin  bushings  at  each  joint,  and  will  give  more  fully  the  method  em- 
ployed for  determining  the  loss  in  the  |  tap  and  in  the  main  from  the 
reservoir. 

As  to  the  6-inch  pipe  it  would  add  to  the  value  of  the  experiments  if 
Mr.  Weston  would  kindly  state  the  possible  limits  of  error  in  the  fol- 
lowing directions : 

(a.)  In  general  even  the  best  Bourdon  gauges  are  not  instruments 
of  precision,  and  scales  are  liable  to  unaccountable  derangements. 
Were  these  gauges  tested  by  a  mercury  column  immediately  before 
and  after  the  experiments,  or  was  their  position  reversed  ?  An  error 
of  i  pound  to  each  gauge  alone  might  make  experiment  325  11  per 
cent,  in  error. 

[b. )  Is  it  certain  piezometer  tubes  were  free  of  air  ? 
(c. )  Were  piezometric  orifices  exactly  flush  with  inner  surface  and 
normal  to  axis  of  pipe  ? 

{d.)  Was  diameter  of  this  particular  pipe  accurately  measured,  or 
is  the  6  inches  the  "foundry  size  ?" 

(e.)  This  pipe  aiDjoarently  was  not  laid  with  a  view  to  the  experi- 
ments or  inspected  after  them.  Is  it  absolutely  certain  it  contained 
no  obstruction  like  a  bunch  of  lead  from  a  bad  joint,  or  that  in  the 
four  years'  use  no  tuberculation  whatever  had  taken  place  ? 

(/.)  Were  the  lengths  of  hose  the  same  ones  that  had  been  gauged, 
or  were  they  other  pieces  subject  to  the  ordinary  commercial  varia- 
tions in  diameter  and  character  of  surface  of  different  lots  ? 
Eternal  vigilance  and  everlasting  patience  are  the  price  of  scientific 
accuracy  in  this  class  of  work. 

These  questions  are  of  interest  since  Mr.  Weston  fiuds  a  friction  loss 
about  20  or  25  per  cent,  greater  than  that  found  by  Darcy  for  the  cast- 
iron  pipe  nearest  to  this  in  diameter.  Nevertheless,  even  if  these  questions 
cannot  be  answered,  and  if  the  experiments  are  less  precise  than  Mr. 
Weston  would  have  gladly  made  had  circumstances  favored,  they  are  of 
value  and  interest  as  data,  and  all  siTch  are  to  be  welcomed  as  a  prac- 
tical guide  until  the  longed-for  elaborate  series  of  experiments  are  made 
by  a  second  Darcy. 

The  experiments  selected  by  Mr.  Weston  in  developing  his  formula 
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for  smooth  pipes  are,  in  some  respects,  questionable,  though  undoubt- 
edly they  were  the  best  data  to  be  found,  and  it  is  no  fault  of  his  that 
better  data  were  not  in  existence. 

Thus:  First. — Is  it  not  a  little  doubtful  to  use  experiments  1  to  14  as 
a  basis  for  a  formula,  without  some  statement  as  to  length  of  pipe  and 
conditions  under  which  experiments  were  made  ?  Mr.  Smith  and  Messrs. 
Hering  and  Trautwine  exclude  these  from  their  table  of  data. 

Second. — In  making  use  of  experiments  28  and  29  by  Rennie,  upon  a 
pipe  only  15  feet  long,  and  exi^eriments  59  and  60  by  Neville,  there  is 
liability  to  error  from  the  fact  that  in  such  very  short  pipes  the  distribu- 
tion of  velocity  and  regimen  of  flow  is  not  fully  established  at  upper 
portion  of  pipe.  This  may  be  illustrated  by  reference  to  Series  III  and 
N,  page  239,  Smith's  Hydraulics.  Moreover,  in  each  of  these  cases  of 
Eennie's  and  Neville's  experiments,  the  co-efficient  of  influx  which  has 
to  be  guessed  at  exercises  a  proportionally  larger  influence  on  the  total 
loss  of  head  than  for  longer  pipes. 

Third. — For  exact  scientific  isurposes  it  seems  hardly  fair  to  class  on 
the  ground  of  smoothness  experiments  on  new  wrought-iron  lap-w'elded 
gas  pipe,  f -inch  and  1-inch  diameter,  along  with  the  pipes  of  glass  and 
lead.  Is  it  not  uncommon  for  iron  pipe  to  come  from  the  welding  fur- 
nace with  a  skin  as  smooth  as  that  on  a  lead  pipe  as  it  comes  from  the 
die?  Moreover,  why  from  description  alone  is  it  proper  to  make  use  of 
Smith's  experiments  on  new  uncoated  1-inch  gas  pipe  and  reject  Darcy's 
experiments  on  new  1-inch  gas  pipe,  even  though  results  do  not  agree  ? 

Passing  to  the  pipes  of  larger  diameters,  quoted  by  Mr.  Westou,  if  the 
5i-sheet-ironpipe  and  also  the  7.40-inch  and  the  11.69-inch  of  Darcy  had 
riveted  seams,  as  stated  by  Hering  and  Trautwine,  and  as  seems  natural, 
it  certainly  would  give  a  much  greater  friction  loss  than  a  smooth  lead 
pipe,  and  cannot  properly  be  included. 

It  is  hardly  following  the  true  scientific  method,  but  is  arguing  in  a 
circle,  to  include  experiment  No.  58  by  Hodson  and  No.  237  by  Dr. 
Eobinson,  also  Nos.  124  to  139  by  Smeaton,  as  data  for  determining  law 
of  flow  in  very  smooth  pipes,  merely  because  they  hapjjen  to  coincide 
approximately  with  the  formula,  while  actually  the  smoothness  of  the 
pipe  is  not  stated  and  the  kind  of  pipe  or  manner  of  experiment  is  not 
known,  and  the  diameter  given  by  Mr.  "Weston  to  thousandths  of  an  inch 
was  apparently  merely  the  nominal  or  commercial  diameter. 

Fourth. — For  the  tin  pipe  of  experiments  146  to  160  we  may  ask,  in 
order  to  gain  an  idea  of  the  smoothness,  just  what  kind  of  pipe  was 
Bossut's  "tin  "  pipe  of  one  hundred  years  ago? 

Fifth. — It  may  be  of  interest  to  note  that  the  experiments  of  Leslie 
on  2j-inch  lead  pipe,  No.  250  to  269,  and  of  Provis,  on  Ij-inch  lead  pipe 
(Nos.  175  to  211),  though  referred  to  by  Mr.  Smith,  are  by  him  excluded 
from  his  results  as  unreliable. 

Sixth. — Excluding  the  questionable  data,  we   see   that   the  largest 
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smooth  pipe  left  to  furnish  data  for  the  new  formula  is  the  2-inch  glass 
pipe  of  Darcy. 

Seventh. — To  a  person  who  is  exj^erienced  in  delicate  and  rigorously 
accurate  hydraulic  exj)erimentation,  the  question  will  often  occur,  when 
trying  to  reconcile  these  early  experiments,  Did  the  experimenter  clear- 
ly understand  the  disturbing  influence  of  air  bubbles,  and  were  they 
driven  out  and  excluded  with  jjositive  certainty? 

As  we  thus  carefully  examine  the  quality  of  the  data  we  see  how  un- 
satisfactory much  of  it  is  as  a  foundation  for  a  new  formula  for  very 
smooth  pipes,  and  how  very  few  are  the  really  reliable  exi^eriments. 

If  we  wish  accurate  knowledge  of  the  area  of  a  sharply  bounded 
field,  is  it  not  better  to  take  a  steel  tape  and  a  first-class  modern  transit 
and  go  out  and  survey  it,  making  a  clean,  fresh,  first-class  job  instead 
of  hunting  among  the  archives  and  averaging  the  more  or  less  rough  sur- 
veys of  the  past  hundred  years  ? 

If,  for  the  time  being,  Ave  desire  working  knowledge  more  than  ancient 
history,  and  need  accurate  and  convenient  knowledge  of  the  laws  of 
flow  in  very  smooth  pipes  like  drawn  lead,  then  if  time  is  money,  it 
would  cost  very  little  more  to  have  some  good  lead  j^ipes  made  i  inch, 
^  inch,  1  inch,  IJ  inch,  2  inch  and  3  inch,  a  hundred  feet  of  each,  handle 
it  delicately,  keep  it  straight  and  perfect  as  it  comes  from  the  die,  ex- 
periment on  it  with  velocities  from  J  foot  to  25  feet  per  second,  then  try 
it  bent  around  certain  definite  curves,  let  a  plumber  coil  it  up  and 
straighten  it  out  two  or  three  times,  crook  it  around  half  a  dozen  cor- 
ners and  then  experiment  on  it  again. 

This  is  work  which  could,  for  instance,  be  very  easily  done  in  the  new 
hydraulic  laboratory  now  under  construction  for  the  Massachusetts  In- 
stitute of  Technology,  and  I  sincerely  hope  it  may  be  undertaken  some- 
Avhere  and  the  work  done  on  a  suitable  scale  and  under  conditions  that 
may  make  the  results  unquestionable. 

Then  with  the  work  once  thoroughly  well  done,  the  results,  with 
their  own  sharj^ly  defined  limits,  may  stand  unchallenged  for  a  hundred 
years. 

We  all  owe  thanks  to  Mr.  Weston  for  the  diagrams  appended  to  his 
jjaper,  which  show  in  an  extremely  convenient  and  interesting  manner 
the  way  in  which  our  available  data  agrees  with  various  standard 
formulas. 

To  criticise  the  investigation  or  to  detract  from  the  just  jjraise  due 
Mr.  Weston  for  his  industry  in  presenting  these  matters  is  far  from  my 
23urpose. 

The  main  isoints  I  would  make  are: 

First. — In  securing  the  data  now  on  record  far  too  little  attention  has 
been  paid  by  experimenters  to  ascertaining  and  describing  the  exact 
degree  of  smoothness  of  the  wetted  surface. 

Second. — Investigators  in  attempting  to  derive   formulas  from  the 
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(lata  have  given  too  little  attention  to  incorporating  in  their  formulas  a 
fa-."tor  dependent  on  this  roughness. 

Third. — The    profession  greatly   needs  a  new   and   extended  series., 
of  experiments   before  satisfactory  general  laws   or  formulas  can  be 
derived. 

i^owrif^.— Until  we  get  these  it  is  better  to  make  use  of  very  simjjle 
and  familiar  formulas  like  that  of  Chezy,  and  devote  our  oi^portunities 
to  extending,  tabulating  and  classifying  values  of  the  co-efficient. 

In  closing  I  may  say  that  my  own  experience  goes  to  show  that  a 
table  on  the  plan  of  the  excellent  little  table  pubHshed  by  George  A. 
Ellis,  C.E.,  about  ten  years  ago,  but  constructed  with  smaller  gaps 
between  quantities  and  diameters,  is  more  convenient  for  practical  use 
than  any  formulas  or  the  tables  in  any  of  the  engineering  pocket  refer- 
ence books 

The  plan  of  this  is  as  below: 


4-Inch  Pipe.            ; 

1 

6-Jnch  Pipe. 

Gallons  discharged 
per  minute. 

Mean 

velocity. 

Feet  per 

secoDd. 

Lops  of 
head  per 
100  feet. 

Mean 

velocity. 

Feet  per 

second. 

Loss  of 
head  per 
100  feet. 

Etc. 

: 

If  appended  to  this  we  could  have  compiled  a  table  of  factors  by 
which  to  multiialy  these  losses  of  head  to  allow  for  different  degrees  of 
roughness,  the  whole  would  be  of  the  utmost  convenience,  and  I  hope 
some  one  who  is  ready  to  take  his  pay  in  the  gratitude  of  the  profession 
will  prepare  such  a  table  based  on  some  standard  investigation. 

Mr.  Weston. — I  think  it  is  fortunate  in  many  respects  that  all  of  the 
members  of  the  human  race  have  not  the  same  opinions,  for  if  such  was 
the  case,  there  would  be  but  little  I  fear  to  stimulate  progress  in  the 
direction  of  making  new  discoveries  and  improvements.  Therefore,  in 
my  reply  to  the  somewhat  lengthy  discussion  of  Mr.  Freeman,  I  shall 
endeavor  to  confine  myself  mainly  to  answering  the  direct  questions  that 
he  has  propounded,  and  to  replying  to  a  number  of  his  adverse  criticisms 
that  I  consider  were  based  upon  misapprehensions,  which,  if  I  have 
surmised  correctly,  may  very  probably  have  been  owing  to  his  not  having 
had  a  sufficient  length  of  time  at  his  disposal  to  make  a  thorough  exam- 
ination of  my  paper. 
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In  reply  to  the  remarks  of  Mr.  Freeman  (page  74),  whicli  commence 
tlins:  "It  seems  to  me  that  Mr.  Weston  is  off  the  true  road  toward  a 
thoroughly  satisfactory  formula,"  *  *  *  *  and  end  thus:  *  *  *  * 
' '  In  one  case  his  variable  co-efficient  is  a  function  of  only  the  diameter 
as  a  variable,  in  another  of  only  the  velocity,  and  in  another  of  both  the 
diameter  and  the  velocity  " — I  will  say:  Fi7'st — What  I  have  ah-eady  inti- 
mated in  my  replj  to  the  discussion  of  Mr.  Hering,  viz. :  that  I  was 
governed  by  the  experimental  data  that  I  possessed,  and  that  the  first 
preliminary  investigations  that  I  made  relative  to  constructing  a  formula 
were  to  see  if  one  could  not  be  formed  that  would  be  sufficiently  broad 
and  general  in  its  aiDplication  to  cover  all  kinds  of  pipes,  and  which 
would  contain  a  factor  dependent  upon  the  roughness  of  the  interior 
surface  of  the  pipe.  I  was  soon  convinced,  however,  that  a  reliable 
formula  of  this  kind  could  not  be  constructed.  Second — That  it  strikes 
me  the  application  of  the  formulas  that  I  have  recommended  are  just 
the  reverse  of  narrow,  as  one  of  the  formulas  can  be  api)lied  to  all  pipes 
having  very  smooth  interior  sides,  from  ^-inch  to  3^  inches  in  diameter 
(pipes  of  this  kind  larger  than  3^  inches  being  very  rarely  used  for  con- 
veying water),  and  the  other  formula  can  be  applied  to  all  pipes  having 
interior  sides  similar  to  new  cast-iron  pipes.  Third — That  a  careful  ex- 
amination of  my  paper  will  show  that  I  recommend  the  latter  formula 
(Darcy's)  on  account  of  its  conforming  closely  to  experimental  resiilts, 
and  for  its  simplicity  and  not  for  its  particular  form.  Fourth — That  the 
other  formulas  that  I  have  constructed,  that  have  been  mentioned  in  my 
paper,  were  computed  from  a  limited  number  of  experimental  results 
and  were  not  recommended  for  general  use. 

In  response  to  that  portion  of  the  discussion  of  Mr.  Freeman  (jaage 
75),  which  commences  thus:  "While  discussing  the  desirability  of  includ- 
ing a  special  co-efficient  of  roughness  in  our  future  formula,'"  *  *  *  * 
and  ends  thus  ;****"  Nearly  all  of  the  five  hundred  experi- 
ments tabulated  and  discussed  by  Mr.  Weston  are  these  tabulated  with 
the  Kutter  co-efficient  of  roughness  computed  for  each" — I  will  state  that 
in  my  opinion  there  are  reasons  for  thinking  that  it  would  be  question- 
able to  apply  the  "  Kutter  formula"  to  pipes  in  which  water  was  tlowiog 
under  pressure,  as  this  formula  was  constructed  from  experiments  that 
were  made  with  water  flowing  in  open  channels.  But  assuming  that  in 
special  cases  "  Kutter's  formula  "  was  adapted  for  the  purpose,  and  that 
the  tabulated  ex^^erimental  co-efficients  of  roughness  mentioned  by  Mr. 
Freeman  were  available,  the  results  that  would  be  obtained  by  using 
these  co-efficients  in  this  complicated  formula  would  not  be  more  accu- 
rate, and  the  opportunities  for  exercising  personal  judgment  as  to  the 
relative  degree  of  roughness  of  the  interior  surface  of  the  pipes  more 
facilitated,  than  they  would  if  Table  Nq.  1  of  my  paper  was  referred  to, 


DISCUSSION   ON    FLOW    OF    WATER   IN    PIPFS.  85 

in  Avliich  eacli  class  of  exiDeriment  is  specified,  and  an  experimental 
co-efficient  of  friction  (C)  selected  and  us^ed  in  the  simple  formula, 


In  rejDly  to  Mr.  Freeman's  advocacy  of  the  Chezy  formula,  I  would 
call  attention  to  pages  4,  5,  6  and  7  of  my  paper,  where  I  discuss  the 
form  of  formula  the  best  adapted  for  the  flow  of  water  in  pipes. 

I  will  say  in  reply  to  the  remarks  of  Mr.  Freeman  (page  78)  relative 
to  the  forms  of  formulas  that  I  have  given  on  pages  6  and  7,  that  the 
vahies  of  the  co-efiicients  of  friction  (Q  that  are  included  in  these 
formulas  do  not  necessarily  depend  upon  the  velocity  [v],  even  in  the 
first  formula  of  each  example  which  is  arranged  for  computing  the  velocity 
for  a  given  head,  as  co-efficients  to  friction  (Q  derived  from  "  Darcy's 
formula,"  an  expression  for  which  I  have  given  on  pages  57  and  61,  can 
be  used  and  the  velocity  determined  without  approximation;  also  when 
high  velocities  enter  into  the  problem,  there  will  be  but  little  need  of 
a^jproximating  when  using  co-efiicients  of  friction  (?)  dependent  upon 
the  velocities  that  have  been  determined  from  the  majority  of  known 
formulas,  as  their  values  change  very  slowly  after  reaching  a  velocity  of 
5  feet  per  second.  Then  the  second  formula  in  each  example  is  arranged 
for  computing  the  loss  of  head  due  to  friction  (^/),  and  can  be  directly 
solved  ;  even  if  co-efficients  of  friction  (Q,  deijendent  upon  the  velocity, 
are  used  as  in  these  cases,  the  velocity  in  the  outlet  pipe  or  pipes  is  one  of 
the  known  quantites,  from  which,  in  cases  of  branch  or  compound 
pipes,  the  velocities  in  the  other  i^ijaes  can  be  readily  determined  and 
co-efficients  of  friction  (C)  selected  corresponding  to  them. 

In  respect  to  the  co-efficients  of  resistance  due  to  contraction  (0), 
mentioned  by  Mr.  Freeman  (page  78),  my  reply  to  Professor  Merriman's 
discussion  expresses  my  ideas  upon  the  subject. 

The  reason  why  I  did  not  plat  upon  the  diagrams  of  my  paper  the 
resiilts  of  the  conclusions  of  Mr.  Smith,  given  in  his  work  referred  to  by 
Mr.  Freeman  (page  79),  is,  that  my  investigations  were  relative  to 
formulas  for  the  flow  of  water  in  pipes,  and  Mr.  Smith  only  gives 
graphical  results,  and  not  formulas. 

In  reply  to  the  statement  of  Mr.  Freeman  (page  79),  viz.:  "Mr. 
Smith  used  substantially  the  same  data  as  that  from  which  Mr.  Weston 
satisfied  himself  that  the  Darcy  formula  was  satisfactory,  and  came  to 
a  different  conclusion"  *  *  *  *  —  I  would  call  attention  to  the 
diagrams  from  No.  14  to  No.  22,  inclusive,  which  express  very  plainly 
my  reasons  for  recommending  the  formulas  of  Darcy  for  new  cast-iron 
pijies. 

In  regard  to  my  experiment  with  the  1-inch  pipe  mentioned  by  Mr. 
Freeman  (page  80),  I  will  remark:   Fust — that  the  condition  of  the  in- 
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terior  surface  of  the  pipe,  with  the  tin  bushings  in  place,  was  about  the 
same  as  the  interior  surface  of  an  ordinary  lead  pipe,  as  I  have  already 
stated.  I  came  to  this  conclusion  by  a  careful  examination  of  the  differ- 
ent lengths  as  they  were  joined  together  while  being  laid.  .  Second — that 
there  is  a  possibility  that  the  data  given  in  Table  No.  1 ,  relating  to  this 
experiment,  may  be  in  error  to  the  amount  of  1  per  cent.  Third — that 
the  loss  of  head  in  the  f-inch  tap  was  determined  as  follows  :  A  short 
piece  of  lead  pipe  was  soldered  to  the  tap,  before  the  1-inch  tin-lined 
pipe  was  connected,  and  a  loss  of  head  ascertained  due  to  the  discharge 
under  the  reservoir  pressure,  by  measuring  the  flow.  This  loss  of  head 
was  then  compared,  with  a  diagram  that  had  previously  been  constructed 
from  the  results  of  experiments,  which  covered  a  wide  range  of  velocities, 
that  had  been  made  with  other  taps  of  the  same  kind  connected  to  other 
main  pipes,  and  as  it  agreed  almost  exactly  with  the  law  that  had  been 
develoi^ed  upon  the  diagram,  a  loss  of  head  was  scaled  from  the  diagram 
corresponding  to  a  velocity  of  6.03  feet  per  second,  which  was  the  velocity 
in  the  1-inch  tin-lined  pipe  during  the  experiment.  The  loss  of  head 
thus  obtained  was  then  added  to  the  head  required  to  generate  the 
velocity  and  their  sum  subtracted  from  the  total  or  reservoir  head,  the 
result  of  which  is  given  in  table  No.  1  as  the  loss  of  head  in  the  1-inch 
tin-lined  pipe.  A  considerable  diiferenee  in  judgment,  however,  one 
way  or  the  other,  in  determining  the  loss  of  head  in  the  J-inch  tap,  etc., 
would  not  have  materially  afifected  the  results  given  in  the  table,  owing 
to  the  small  proportion  that  it  would  bear  to  the  total  loss  of  head,  on 
account  of  the  long  length  of  the  1-inch  tin-lined  pipe;  consequently,  I 
did  not  consider  the  method  followed  in  obtaining  it  of  sufKcient  im- 
portance to  be  described  in  detail.  There  was  not  any  measurable  loss 
of  head  in  the  36-inch  main  to  which  the  f-inch  was  connected — about 
5  000  feet  from  the  reservoir — as  the  only  water  moving  in  it  at  the  time 
(the  main  being  full  and  under  the  reservoir  pressure)  was  the  small 
quantity  that  was  used  in  making  the  experiments. 

I  will  answer  Mr.  Freeman's  questions  relative  to  the  possible  error 
of  my  exi^eriments,  made  with  a  6-inch  pipe,  as  follows: 

(«.)  The  gauges,  which  were  very  reliable,  were  tested  a  short 
time  before  the  experiments  were  commenced  with  a  mercurial 
column,  and  directly  before  and  after  the  experiments  with  a  large 
test  gauge  that  was  kept  especially  for  the  j)uri3ose,  and  which  had 
also  been  tested  a  short  time  before  the  experiments  were  com- 
menced with  a  mercurial  column.  The  dials  of  the  gauges  were  7 
inches  in  diameter,  graduated  to  ^  pounds,  and  read  from  0  to  100. 
The  gauges  were  each  observed  at  least  twenty  minutes  during  each 
exi^eriment. 

[h.)  I  do  not  think  there  is  a  question  of  doubt  but  that  the 
piezometers  were  free  from  air,   as  great  care  was  taken  to  blow 
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tliem  off  before  each  experiment,  and  they  were  always  full  of  water 
under  pressure. 

(c.)  The  piezometric  orifices  were  exactly  flush  with  the  interior 
surface  of  the  pipe,  and  normal  to  its  axis. 

(d.)  The  diameter  of  the  pipe  given  in  Table  No.  1  is  the  "  foundry    * 
size,"  as  it  was  not  possible  under  the  circumstances,  the  pipe  being 
under  ground,  to  measure  the  diameter  ;  but  the  pipe  was  exceed- 
ingly well  made,  it  having  been  furnished  by  one  of  the  best  foun- 
dries in  the  country. 

(e.)  It  is  almost  absolutely  certain  that  the  pipe  did  not  contain 
any  obstacles  like  bunches  of  lead,  etc.,  as  each  length  of  pipe  was 
carefully  inspected  while  being  laid  by  a  careful  and  experienced 
inspector.  From  what  I  have  seen  by  examining  pieces  of  other 
pijje  of  the  same  kind,  that  have  been  cut  out  while  making  repairs 
or  connections  and  which  had  been  in  service  about  an  equal  length 
of  time,  in  Providence,  where  the  experiments  were  made,  I  should 
say  that  it  was  jjrobable  that  the  interior  surface  of  the  pipe  was 
not  quite  as  smooth  as  when  the  pipe  was  laid,  owing  to  tubercles 
that  may  have  formed  at  odd  places  when  the  coal-tar  coating  may 
have  been  thin. 

(/.)  The  lengths  of  hose  were  those  that  had  been  gauged. 

I  have  long  recognized  what  Mr.  Freeman  states,  viz. :  "that eternal 
vigilance  and  everlasting  patience  are  the  price  of  scientific  accuracy  in 
this  class  of  work." 

In  reply  to  the  comments  of  Mr.  Freeman  (page  81),  which  commence 
thus:  "The  experiments  selected  by  Mr.  Weston  in  developing  his 
formula  for  very  smooth  pipes  are  in  some  respects  questionable," 
*  *  *  *  and  end  thus :  *  *  *  *  "Moreover,  in  each  of  these 
cases  of  Eennie's  and  Neville's  experiments  the  co-eflS.cient  of  influx 
which  has  to  be  guessed  at  exercises  a  proportionately  larger  influence 
on  the  total  loss  of  head  than  for  longer  pipes" — I  will  say  :  First — 
that  the  data  of  the  experiments,  from  No.  1  to  No.  14,  were  considered 
reliable  by  such  an  eminent  authority  as  Professor  Weisbach,  from  one 
of  whose  works  I  obtained  them,  as  I  have  before  mentioned,  and  that  I 
was  not  able  to  secure  any  other  information  concerning  them  than 
what  I  have  given  in  Table  No.  1.  Second — that  Mr.  Freeman  is  in  error 
w^hen  he  insinuates  that  I  made  use  of  Rennie's  experiments  in  develop- 
ing my  formula,  as  I  only  used  these  experiments  for  comparison  after 
the  formula  was  constructed,  as  may  be  seen  in  Table  No.  1,  and  upon 
Diagrams  Nos.  1  and  7.  Third— thut  the  co-eflficient  of  iijflux  was  not 
guessed  at  that  was  used  with  Neville's  experiments,  as  a  co-efficient  was 
determined  by  experiment  by  Neville  especially  for  these  cases,  as  I  have 
already  stated.  Fourth — that  I  take  exceptions  to  Mr.  Freeman's  idea 
relating  to  the  regimen  of  flow  not  being  fully  established  in  the  pipes 


88  DISCUSSION   ON    FLOW    OF   WATER   IN    PIPES. 

that  were  used  by  Neville  and  Rennie  in  making  their  exijeriments. 
Such  might  have  been  the  case  if  the  velocities  had  been  very  low,  but 
as  the  velocity  of  flow  in  the  pipe  used  by  Rennie  was  not  less  than  2.35 
feet  per  second,  and  the  velocity  of  flow  in  the  pipe  used  by  Neville  not 
less  than  14.58  feet  per  second,  I  do  not  think  there  is  any  question  but 
that  the  regimen  was  fully  established.  As  bearing  upon  the  subject, 
I  will  state  that  I  have  found  in  experimenting  with  a  f-inch  pipe,  6  feet 
in  length,  that  with  as  low  a  velocity  as  0.90  feet  per  second,  the  outlet 
end  of  the  j)ipe  was  flowing  full  and  the  water  running  clear. 

In  answer  to  Mr.  Freeman's  remarks  (page  81),  which  commence 
thus;  "  For  exact  scientific  purposes  it  seems  hardly  fair  to  class  on  the 
ground  of  smoothness  experiments  on  new  wrought-iron  lap-welded 
gas  pij^e,  f  inch  and  1  inch  in  diameter,  along  with  the  jiipes  of  glass 
and  lead,"  *  *  *  *  and  end  thus,  *  *  *  *  "Give  a  much 
greater  friction  loss  than  a  smooth  lead  pipe,  and  cannot  properly  be  in- 
cluded " — I  wish  to  say:  First — what  I  have  previously  stated  on  page 
49,  viz. :  That  the  experiments  that  were  made  with  the  new  wrought-iron 
gas  pipe,  mentioned  by  Mr.  Freeman,  were  not  given  the  same  weight  in 
the  investigations  as  those  that  were  known  to  have  been  made  with 
pipes  having  very  smooth  interior  sides,  but  were  more  especially  used 
for  the  purpose  of  substantiating  the  laws  and  results  obtained  with  the 
latter.  Second— ihai  I  did  not  make  use  of  Darcy's  experiments  which 
had  been  made  with  a  new  1-inch  wrought-iron  pipe  in  the  same  manner 
that  I  did  those  of  Smith,  for  the  reason  that  I  was  well  assured  that 
wrought-iron  pipes  manufactured  in  France  at  the  time  Darcy  made  his 
experiments  were  not  as  well  made,  nor  did  they  have  nearly  as  smooth 
interior  sides,  as  the  gas  pipe  manufactured  at  the  present  time.  Third 
— that  I  did  not  use  in  determining  my  general  formula  for  pijaes  having 
very  smooth  interior  sides,  as  I  have  stated  on  page  49,  the  experiments 
of  Darcy  that  were  made  with  riveted  sheet  iron  pipe,  7.40  inch  and 
11.69  inch  in  diameter. 

In  reply  to  the  statements  of  Mr.  Freeman  (page  81),  which  com- 
mence thus:  "It  is  hardly  following  the  true  scientific  method,  but  is 
arguing  in  a  circle,"  *  *  *  *  and  end  thus,  *  *  *  *  "Was 
apparently  merely  the  nominal  or  commercial  diameter" — I  will  say: 
Fi7'st — that  as  the  nature  of  the  pipe  used  in  making  the  two  experi- 
ments, Nos.  58  and  237,  was  questionable,  I  gave  myself  the  benefit  of 
the  doubt,  knowing  that  these  two  experiments  would  not  appreciably 
influence  the  results  which  I  should  obtain,  owing  to  the  large  number 
of  other  experiments  that  were  used,  which  were  made  with  pipes 
known  to  ha^e  very  smooth  interior  sides.  Second— that  I  have  stated 
on  page  49  that  the  data  obtained  from  the  experiments  from  No.  124 
to  No.  139  were  not  given  the  same  weight  in  the  investigations  as  the 
data  derived  from  experiments  that  were  made  with  pipes  having  very 
smooth  interior  sides. 
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I  will  say  in  reply  to  the  following  remarks  of  Mr.  Freeman  (page 
81);  "It  may  be  of  interest  to  note  that  the  experiments  of  Leslie  on 
2^-ineh  lead  pipe  (Nos.  250  to  269),  and  of  Provis  on  1^-incli  lead  pipe 
(Nos.  175  to  211),  though  referred  to  by  Mr.  Smith,  are  by  him  excluded 
from  his  results  as  unreliable  " — First — that  I  think  I  was  justified  in 
using  the  experiments  of  Leslie  and  Provis  as  I  did,  more  especially  the 
former,  as  I  made  particular  inquiries  of  Mr.  Leslie  in  regard  to  them. 
Second — that  if  the  descriptions  that  I  have  given  are  not  sufficiently 
convincing  as  to  the  value  of  these  two  sets  of  experiments,  I  would  sug- 
gest to  those  who  are  specially  interested  in  the  subject  that  they  ex- 
amine the  original  papers  that  were  written  by  these  two  experimenters. 

In  reply  to  this  question  of  Mr.  Freeman  (page  82) ;  *  *  *  "Did 
the  exjierimenter  clearly  understand  the  disturbing  influence  of  air 
bubbles,  and  were  they  driven  out  and  excluded  with  positive  cer- 
tainty?"— I  will  remark  that  the  impression  that  I  have  derived  by 
reading  Darcy's  descrijation  of  his  experiments  is,  that  he  decidedly 
knew  what  he  was  about. 

To  the  following  statement  of  Mr.  Freeman  (page  82):  "As  we  thus 
carefully  examine  the  quality  of  the  data  we  see  how  unsatisfactory 
much  of  it  is  as  a  foundation  for  a  new  formula  for  very  smooth 
pipes,  and  how  very  few  are  the  really  reliable  experiments  " — I  will 
reply  by  saying  that  I  think  Mr.  Freeman  is  decidedly  wrong 
when  he  makes  the  assertion  that  very  few  of  the  experiments  upon 
which  I  have  based  my  new  formula  for  very  smooth  pipes  are  really 
reliable,  as  I  maintain  that  the  reliability  of  the  greater  part  of  them 
should  not  be  questioned,  and  I  think  a  careful  examination  of  my 
paper  will  prove  that  I  am  right  in  this  respect,  even  if  I  have  failed  to 
show  that  the  majority  of  Mr.  Freeman's  exceptions  to  my  work,  that 
he  has  mentioned  in  detail  in  his  discussion  and  which  I  have  pre- 
viously replied  to,  are  unwarranted. 

I  do  not  consider  Mr.  Freeman's  comparison  (page  82)  of  surveying 
a  field  with  the  making  of  hydraulic  experiments,  a  fair  one,  and  I  am 
somewhat  surprised  after  his  recent  exjierience  in  making  extensive 
experiments  with  fire  hose  and  nozzles,*  that  he  should  suggest  such  a 
comparison;  and  I  can  assure  Mr.  Freeman,  from  the  results  of  my  own 
experience,  that  if  I  could  have  made  experiments  relating  to  the  flow 
of  water  in  pipes  as  easily  and  with  as  little  expense  as  I  could  have 
surveyed  a  field,  I  should  not  have  given  him  or  any  other  member  of 
the  Society  an  opportunity  to  criticise  any  experiments  other  than  my 
own. 

I  will  conclude  by  remarking,  as  Mr.  Freeman  has  referred  to  tables 
relating  to  the  flow  of  water  in  pipes  (page  83),  that  I  have  appended  to 
my  paper  in  convenient  form  for  platting,  a  short  table  that  has  been 

*  Transactions,  Vol.  XXI,  No.  426,  November,  1889;  "  Experiments  Relating  to  Hydraulics 
of  Fire  Streams,"  by  John  R.  Freeman. 
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calciilatecl  from  my  new  formula  for  tlie  flow  of  water  in  very  smooth 
jjipes.  And  that  a  table  for  the  flow  of  water  in  new  cast-iron  pipes  that 
was  computed  under  my  direction  from  Darcy's  formulas,  which  is 
similar  to  the  table  mentioned  by  Mr.  Freeman,  though  more  complete, 
may  be  found  in  the  appendix  to  the  Report  of  the  City  Engineer  of 
Providence,  for  the  year  1888.  I  would  also  call  attention  to  two  other 
convenient  tables  relating  to  the  same  subject,  one  of  which  is  calculated 
from  Weisbach's  formula,  and  is  included  in  the  discussion  of  a  paper  by 
James  Leslie  in  the  "  Excerpt  Minutes  of  Proceedings  of  the  Institution 
of  Civil  Engineers,  Vol.  XIV,  Session  1854-55,"  and  the  other  is  ap- 
pended to  a  "  Rudimentary  Treatise  on  Civil  Engineering,  by  Henry 
Law,  C.  E.,"  that  was  published  in  London,  by  John  Weale. 
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CAST-IRON— STRENGTH,  RESILIENCE,  TESTS  AND 

SPECIFICATIONS. 


By  J.  B.  Johnson,  M.  Am.  Soc.  C.  E. 


WITH  DISCUSSION. 


It  is  proposed  in  the  following  paper  to  give  the  results  of  some  ex- 
periments at  the  Washington  University  Testing  Laboratory,  on  the 
testing  of  cast-iron  for  strength  and  resilience  in  tension,  compression 
and  cross  breaking  ;  to  describe  the  methods  and  appliances  there  used; 
to  make  a  jjlea  for  the  general  adojition  of  resilience  tests  of  cast-iron  ; 
to  state  a  new  rule  and  describe  a  new  machine  for  cross  breaking  tests; 
to  explain  the  high  cross  breaking  modulus  of  cast-iron  ;  and  to  pro- 
pose a  set  of  specifications  for  engineers  to  use  for  cast-iron  products. 

The  Tensile  Stkength  of  Cast-iron. 

By  strength  of  cast-iron  we  usually  mean  its  tensile  strength.  This 
can  only  be  found  by  a  direct  pull  in  a  testing  machine. 

The  St.  Louis  cast-irons  vary  in  strength  from  17  000  to  36  000 
pounds  per  square  inch  in  direct  tension.  They  will  average  over 
20  000  pounds,  and  a  specification  of  25  000  pounds  can  be  readily  filled 
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with  certainty  by  any  of  the  better  class  of  foundries.  Every  shop  has 
its  own  rules  for  making  its  high  grade  mixtures,  and  these  are  gener- 
ally kept  secret.  It  is  safe  to  say,  however,  that  most  of  them  do  not 
really  know  the  strength  of  these  more  expensive  mixtures,  and  very 
often  a  cheai^er  mixture  may  be  a  stronger  one.  I  am  i^ersuaded  that 
no  specification,  in  this  region,  should  allow  a  lower  limit  in  strength 
than  20  000  pounds  per  square  inch  in  tension,  and  if  the  strength  is 
considered  an  important  matter,  25  000  pounds  should  be  stated. 

In  testing  cast-iron  in  tension,  the  specimens  should  fii'st  be  carefully 
taken  from  the  same  heat  as  the  castings  themselves.  They  should  be 
molded  from  a  pattern,  with  the  usual  provisions  for  intercepting  the 
slag,  so  as  to  obtain  clean  iron  and  a  smooth  casting.  The  size  of  this 
specimen  should  be  about  1^  inches  in  diameter  and  li  inches  long. 
This  should  then  be  turned  down  in  a  lathe,  leaving  the  reduced  central 
portion  nearly  1  inch  in  diameter  and  some  8  inches  long,  with  rounded 
angles  adjoining  the  enlarged  ends. 

This  enables  surface  irregularities  to  be  removed,  and  flaws,  blow- 
holes or  cinder  cavities  to  be  discovered,  and,  if  possible,  removed  by 
further  turning  down.  It  also  gives  a  straight  pull  in  the  grij)s  which 
cannot  be  obtained  on  a  rough  siiecimen.  The  turning  down  also 
reveals  the  working  qualities  of  the  iron,  which  is  often  more  important 
than  the  strength. 

Eelative  Strength  of  Skin  and  Intekioe. 

It  is  the  almost  universal  opinion  that  the  outer  portions  of  a  casting 
are  stronger  than  the  internal  fibers,  and  therefore  that  cast-iron  sj^eci- 
mens  should  be  tested  in  the  rough. 

Professor  Unwin,  in  his  recent  exhaustive  work  on  ' '  Testing  of  Ma- 
terials of  Construction,"  says  "this  impression  is  almost  certainly  erro- 
neous." The  writer  knows  of  no  tensile  tests  going  to  show  that  the 
skin  is  stronger  than  the  inner  fibers,  and  many  tests  have  been  made 
which  prove  about  equal  strength. 

There  was  recently  made  a  series  of  tests  at  the  Washington  Univer- 
sity Testing  Laboratory  especially  to  determine  this  relation, 

A  series  of  bars  were  cast  from  different  mixtures  of  the  pattern 
shown  in  Fig.  1. 

The  original  bars  were  1^-inches  round  in  one  part,  and  1^-inches  by  f 
inch  rectangular  shape  in  another.     The  cylindrical  end  was  then  turned 
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down  to  J  inch  diameter,  thus  leaving  only  the  very  core  of  the  original  *• 
form,  while  the  rectangular  section  was  left  with  the  skin  on.     There 
were  three  turned  down  and  enlarged  sections,  one  at  each  end  and  one 
in  the  middle,  for  gripi^ing  in  the  machine. 
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The  iron  was  of  a  poor  quality,  so  that  out  of  12  bars  tested,  only 
five  gave  clean  fractures  on  both  tests.  The  results  were  as  follows  on 
these  five: 


No. 

Unit  Strength  on  Turned  Down 
Section. 

Unit  Strength  on  Original  Section. 

2. 
3. 

4. 
6. 
7. 

19  118 
24  597 
'IZ  896 
23  376 
14  545 

20  387 

15  068 

16  203 
18  817 
12  470 

Mean, 

21100 

16  600 

This  shows  an  average  strength  for  the  turned  down  sections  of  4  500 
pounds  per  square  inch  more  than  for  the  corresponding  original  sec- 
tions, or  an  increase  of  26  per  cent,  as  a  result  of  turning  down  from  1 J 
inches  diameter  to  J  inch  diameter. 

This  result  cannot  be  attributed  to  any  twisting  action  of  the  grips, 
as  the  gripx^ed  surfaces  were  all  turned  up  true. 

I  have  often  observed  that  the  strength  of  cast-iron  is  increased  by 
turning  off  the  skin.  Thus  one  specimen  2  inches  in  diameter  broke  at 
17  820  pounds  per  square  inch,  while  the  same  specimen  turned  down  to 
Ij  inches  broke  at  26  000  pounds  i^er  square  inch.  Two  other  raw 
sisecimens  broke  at  an  average  of  16  100  pounds,  and  when  turned  down 
had  a  mean  strength  of  18  900  pounds  per  square  inch. 

I  conclude,  therefore,  that  the  outer  parts  of  a  casting  have  no  excess  of 
strength  over  the  inner  fibers.    Neither  must  we  conclude  that  they  are 
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weaker,  as  tlie  above  tests  would  ajspear  to  show.  These  tests  probably 
indicate  that  there  are  great  internal  stresses  in  ordinary  castings, 
resulting  from  the  cooling  of  the  outer  shell  while  the  interior  portions 
are  still  in  a  melted  state.  When  this  core  comes  to  cool,  and  contract, 
it  is  prevented  from  so  doing  by  the  now  rigid  exterior,  and  so  very 
severe  stresses  are  caused,  the  interior  fibers  being  in  a  state  of  tension 
and  the  exterior  portions  in  compression.  When  this  exterior  is  turned 
off,  it  relieves  the  stress  on  the  interior  fibers,  which  can  now  exert  their 
full  strength  in  overcoming  an  exterior  force.  If  we  should  bore  out 
the  interior,  I  have  no  doubt  the  outer  fibers  would  then  show  the  same 
increase  of  strength  which  the  inner  fibers  now  show  on  the  removal  of 
the  outer  parts. 

The  Tensile  Resilience  of  Cast-iron. 

The  resilience  of  a  body  is  the  work  it  does  in  resisting  distortion. 
The  elastic  resilience  is  the  work  it  may  exert  in  resisting  distortion,  up 
to  the  elastic  limit  of  the  material,  or  up  to  the  point  where  a  part  of 
the  distortion  becomes  permanent.  The  total  resilience  of  a  body  is  the 
work  it  is  capable  of  performing  in  resisting  distortion  up  to  the  point 
of  rupture. 

Resilience  must  therefore  be  measured  in  foot-pounds,  or  inch- 
pounds.  In  this  pai3er  it  is  always  given  in  inch-pounds.  Besilience  may 
also  be  defined  as  the  amount  of  energy  the  body  will  absorb  up  to  the 
elastic  limit,  or  up  to  the  point  of  rupture.  A  body  weighing  10  pounds 
and  falling  10  feet  (120  inches)  has  stored  in  it  in  the  form  of  active 
energy,  or  vis  viva,  10  x  120  =  1  200  inch-pounds  of  energy,  or  work. 
This  is  the  work  gravity  has  done  upon  the  body,  and  if  this  falls  upon 
a  i)iece  of  cast-iron,  for  instance,  it  must  absorb  this  1  200  inch-pounds 
of  energy,  or  else  break  under  the  shock. 

Since  cast-iron  usually  breaks  imder  some  kind  of  a  shock,  it  follows 
that  the  resilience  of  cast-iron  is  many  times  more  important  than  the 
strength.  To  find  the  tensile  resilience  of  cast-iron,  it  is  necessary  to 
measure  its  extension  under  stress,  and  to  plot  the  resulting  observa- 
tions.    This  curve  is  called  a  strain  diagram. 

Strain  Diagrams  of  Cast-iron. 
In  Plate  XXIX  are  given  many  such  diagrams.     The  vertical  co- 
ordinates represent  tensile  stress  in  pounds  per  square  inch,  and  the 
horizontal  co-ordinates   stretch  per  inch  in  length,  or  relative  stretch. 
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Since  1  inch  vertically  re^jresents  5  000  pounds  per  square  inch  and 
1  inch  horizontally  represents  0. 001  inch  elongation  per  inch  in  length 
of  the  specimen,  then  1  square  inch  of  the  diagram  represents  5  000 
X  0.001  =  5  inch-230unds  pev  cubic  inch  of  metal. 

In  examining  the  curves  shown  on  this  plate  one  is  impressed  with 
the  fact  that  they  are  curved  throughout.  They  are  not  made  up  of 
a  straight  line,  up  to  what  is  called  the  elastic  limit,  and  then  curved, 
as  is  the  case  in  all  rolled  or  drawn  metals,  but  the  varying  relation 
between  stress  and  strain,  or  distortion,  obtains  from  the  start.  Since 
the  modulus  of  elasticity  is  the  ratio  of  stress  to  strain,  we  see  at  once 
that  a  different  ratio  would  be  obtained  for  every  different  point  of  any 
one  of  these  curves. 

The  cause  of  this  continuous  changing  relation  is  probably  due  to 
the  initial  internal  stresses  in  the  material  resulting  from  irregularities 
in  the  cooling.  If  the  load  be  removed  at  any  point,  the  specimen  shows 
a  permanent  elongation.  On  applying  the  load  again  the  specimen  is 
perfectly  elastic  up  to  the  former  loading,  when  it  again  pulls  out  on 
the  original  curving  path.  This  is  shown  by  the  dotted  lines  drawn  on 
the  curve  of  the  Watertown  Arsenal  tension  test  on  gun  iron,  Plate  XXIX. 
These  show  that  after  cast-iron  has  been  loaded  up  to,  say,  20  000  pounds 
to  the  square  inch,  it  is  then  perfectly  elastic  up  to  that  limit,  in  this 
case  with  a  modulus  of  elasticity  of  about  23  000  000.  When  the  load 
was  removed  at  30  000  pounds  per  square  inch,  it  showed  a  permanent 
set  of  0.0032  of  its  length,  and  a  modulus  of  elasticity  of  18  750  000  up 
to  this  limiting  stress.  On  the  other  hand,  if  we  should  have  taken  its 
initial  rate  of  distortion  on  first  straining  it  up  to  30  000  pounds  per 
square  inch,  from  this  upper  part  of  the  ciirve,  we  would  have  obtained 
a  modulus  of  elasticity  of  some  910  000. 

That  is  to  say,  to  find  the  action  of  cast-iron  on  its  first  loading,  we 
should  study  the  full  line  strain  diagrams,  but  to  learn  its  action  on  any 
subsequent  loading,  we  should  study  the  dotted  lines  drawn  to  the 
Watertown  Arsenal  curve  in  Plate  XXIX.  In  general,  these  lines, 
showing  the  action  of  the  iron  after  the  first  loading,  may  be  taken 
parallel  to  a  tangent  to  the  curve  at  the  origin,  or,  when  near  the  ulti- 
mate strength,  a  little  more  inclined  from  the  vertical. 

Although  most  of  these  curves  have  a  general  resemblance  to  the 
parabola,  it  is  evident  they  cannot  be  represented  by  any  one  parabola, 
and  no  one  such  equation  can  be  written  to  represent  them.     The  curve 
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marked  No.  44  is  almost  a  straight  line  tliroughout,  and  its  modulus  of 
elasticity  is  as  low  as  8  000  000. 

In  the  curves  here  shown  the  modulus  of  elasticity  varies  from 
8  000  000  to  23  000  000,  and  therefore  it  is  impossible  to  assign  it  any 
fixed  value  for  the  purpose  of  computing  defieclions  or  other  distortions 
of  any  cast-iron  member. 

Computing  Eesilience  fkom  Strain  Diagrams. 

If  a  vertical  ordinate  be  drawn  to  the  upper  extremity  of  a  stress- 
strain  curve,  the  area  included  between  it,  the  curve  itself,  and  the  hor- 
izontal axis  represents  the  work  done  on  the  specimen,  and  absorbed  by 
it  before  rupture  occurred.  In  other  words,  this  is  the  resilience  of  the 
material.  In  the  curves  here  shown,  the  stress  is  given  in  pounds  to 
the  square  inch,  while  the  stretch  is  given  in  fractions  of  one  inch  per 
inch  in  length  of  the  specimen.  Thus,  if  a  cubic  inch  of  iron  stretches 
0.001  inch  for  a  stress  of  8  000  pounds,  then  the  mean  stress  during  this 
stretch  has  been  (in  case  of  No.  44,  which  has  a  straight  line  curve)  one- 
half  of  8  000  pounds,  or  4  000  pounds.  This  mean  stress,  into  the  stretch, 
or  4  000  X  0.001  =^  4  inch-poupds  of  work  done  on  this  cubic  inch  of  iron. 
But  this  is  the  area  of  this  part  of  the  curve  multiplied  (for  the  scales  here 
chosen)  by  5.  For  the  altitude  of  this  triangle  is  1.6  inch,  and  the  base 
is  1  inch,  giving  an  area  of  0.8  square  inches,  which  being  multiplied 
by  5  gives  4  inch-pounds  of  work,  or  energy,  or  resilience. 

To  evaluate  the  areas  of  the  curves,  a  planimeter  is  used,  and  the 
resilience  indicated  by  each  of  the  curves  on  the  accompanying  plate 
has  been  so  determined.  These  resilience  values  are  given  on  the  plate 
for  each  curve. 

The  maximum  resilience  here  found  is  137.5  inch-pounds  per  cubic 
inch  in  case  of  No.  76,  and  the  least  is  17.3  inch-pounds  jier  cubic  inch, 
in  case  of  the  mean  curve  of  eleven  tests  by  Hodgkinson  in  English  cast- 
iron  made  many  years  ago. 

The  greatest  total  resilience  the  writer  has  ever  found  for  cast-iron  is 
140  inch-i3ounds  per  cubic  inch. 

The  contractions  "sil."  and  "alum."  used  on  the  jslate,  are  used  to 
designate  silicated  and  aluminum  iron  respectively.  The  silicated  iron 
was  treated  by  the  Miallins  process,  while  the  aluminum  iron  was  sent 
from  the  Michigan  Stove  Works,  at  Detroit,  and  is  a  stove  mixture. 

The  effect  of  the  silica  treatment  is  shown  very  strongly  by  contrast- 
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ing  curves  40,  and  44  with  No.  46-2.  Nos.  40i  and  44  are  two  mixtures 
used  at  McCormack's  shops,  Chicago,  and  No.  460  is  said  to  be  the  same 
as  No.  40 1,  but  treated  with  silica. 

The  resilience  is  raised  from  46  to  130  inch-pounds  per  cubic  inch, 
while  the  strength  is  raised  from  16  000  to  20  800  pounds  per  square 
inch.  Many  other  tests  showed  a  similar  increase  in  both  strength  and 
resilience,  but  are  not  plotted  here.  Nos.  74,  75  and  76  were  given  as 
cheap  mixtures  at  Deerings'  works,  Chicago,  treated  with  silica.  They 
were  such  mixtures  as  could  not  be  used,  except  for  the  silica  treatment, 
and  yet  one  of  them,  No.  76,  shows  a  resilience  in  excess  of  the  gun  iron 
tested  at  the  Watertown  Arsenal.*  This  particular  test  of  gun  iron  was 
chosen  because  it  showed  the  highest  resilience  found  in  any  govern- 
ment tests  available.! 

The  Level  Mickometer. 

"Without  doubt  the  most  accurate  means  of  measuring  a  small 
movement  in  a  vertical  plane  is  a  level  bubble.  It  having  been  the 
writer's  privilege  to  do  a  great  deal  of  experimental  work  with  level  bub- 
bles, while  in  the  employ  of  the  Government,  he  conceived  the  idea  of 
measuring  the  small  extensions  of  cast-iron  specimens  and  of  other 
metals  inside  the  elastic  limits  by  this  device.  His  testing  machine  is 
one  of  Eiehle's  "Harvard"  tyj)e,  of  100  000  pounds  caijacity.  The 
specimen  stands  vertically.  It  is  necessary  to  use  two  bubbles,  so  as  to 
eliminate  the  eftect  of  the  movements  of  the  machine  itself  during  the 
test. 

The  apparatus  is  shown  in  Plate  XXXII  and  explains  itself.  The  two 
collars,  G,  are  fastened  to  the  specimen  by  three  pointed  steel  screws. 
Each  collar  carries  two  armatures  symmetrically  arranged  on  opposite 
sides.  The  upper  armatures  carry  stirrups  suspended  from  small  spurs, 
while  the  lower  ones  carry  thumbscrews,  S,  pointed  upward.  The 
bubbles,  A  and  B,  are  set  on  as  shown,  and  broiight  to  a  horizontal 
position  by  the  aid  of  the  thumbscrews.  Each  bubble  rests  at  three 
points,  2  feet  being  in  the  stirrup  and  the  upj)er  point  of  the  thumb- 
screw, which  fits  into  a  conical  socket  of  the  bubble  frame,  making  the 
third. 

*  A.  series  of  twenty-eight  tests  of  identical  mixtures,  except  for  silica  treatment,  four- 
teen of  each  class,  showed  an  average  increase  of  tensile  strength  of  '22.6  per  cent.,  while  six- 
teen tests  of  identical  mixtures,  eight  of  each  cla«s,  showed  an  average  increase  of  tensile 
resilience  of  90  per  cent. 

t  Taken  from  Report  of  Watertown  Arsenal  Tests,  1884,  page  276. 
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When  the  load  comes  on  and  the  specimen  begins  to  stretch,  each 
bubble  moves  toward  the  stirrup,  or  suspended  end.  They  thus  move 
in  opposite  directions,  and  being  symmetrically  mounted,  one  of  them 
measures  the  sum,  and  the  other  the  difference  of  the  two  movements, 
namely,  the  stretch  of  the  specimen  and  the  tilting  of  the  machine. 
Their  half  sum  therefore  records  the  stretch  of  the  siDecimen,  The  an- 
gular value  of  one  division  of  these  bubbles  has  to  be  determined  with 
great  accuracy  on  a  level  trier,  and  a  table  prepared  for  each  of  them 
giving  stretch  in  inches  for  one  division  of  bubble  movement.  To  get 
the  stretch  for  1  inch  in  length  we  must  divide  this  total  movement  by 
the  length  in  inches  between  the  clamj)  screws  of  the  two  collars.  On 
Plate  XXIX  is  plotted  the  stretch  per  inch  in  length  to  stress  in  pounds 
per  square  inch.  Each  curve,  therefore,  shows  the  action  of  1  cubic 
inch  of  metal. 

This  apparatus  works  very  well  and  gives  the  stretch  readily  to  the 
nearest  ten-thousandth  of  an  inch,  but  I  do  not  know  that  it  is  any 
better  than  the  better  forms  of  micrometer  screw  appliances.  The 
chief  advantage  is,  it  enables  the  observer  to  see  the  stretch.  That  is, 
he  sees  the  bubbles  move,  and  so  really  sees  what  the  specimen  is  doing 
at  all  stages  of  the  test.  Thus  it  is  interesting  to  note,  on  a  test  of 
cast-iron,  for  instance,  after  we  pass  about  two-thirds  the  breaking  load, 
the  specimen  continues  to  stretch  under  a  constant  load  for  some  time 
after  the  load  is  on.  The  apparatus  is  simple,  comparatively  inexpen- 
sive, and  with  the  aid  of  a  slide  rule  in  making  rediictions  these  are 
not  very  laborious. 

When  testing  cast-iron  the  bubbles  are  removed  at  about  an  eighteen 
or  twenty  thousand-pound  unit  stress,  and  the  collars  loosened  and 
allowed  to  rest  on  the  lower  cross-head,  free  from  the  sjjecimen. 

The  bubble  frames  are  just  6  inches  long  between  points  of  sup- 
port, and  one  division  on  the  bubble  tube  is  2  millimeters  in  length 
and  has  an  angular  value  of  about  ten  seconds.  A  movement  of  the 
bubble,  therefore,  of  1  division  is  equivalent  to  a  stretch  of  the  specimen 
of  about  0.0003  of  an  inch. 

Cast-Iron  in  Cross  Breaking. 

The  cross  breaking  strength  of  cast-iron  can  only  be  found  by  means 
of  a  static  cross  breaking  test.  Strength  in  tension  and  in  cross  break- 
ing are  not  constant  functions  of  each  other.    In  a  general  way  we  know 


1 

-    -      ±  ±      ±  iztt-- 

PLATE     XXIX 

•        -           -      TRANS.  AM. SOC  CIV  ENGRS 

...                                                 .-._,        —                    VOLXXIINOAT2                       — 

i^Lc4S.L  JZi- 

1                                                                                                                        .  ' 

Liii^liX^&'LJill 

^     "                                                     ^        ^'Iz^"'       '- 

1     1 

"zt      ^.^^'^             ^-^"^ 

IdWl 

_^^   ZlI    _^^^      ^_--  =  -. 

^/'H^g.ii-'^"         7 

7   n*  >^^                       '^ 

jS^SgglL    ^ 

«=i< -.''Ci'^'           ^                           -/ 

'3Sa?L5^        '           zr     i^l:       : 

~       1-U                         — 

-.rfZsC^^^          -<                   L 

c3^vS%^  '^           •                  '^^».-fi45. 

Z         ■H-""  "" 

Zt                     53u«vy<^    ^                   A                        ^I^ML^"- 

-'" 

:  \: '{  aa 

^"^2^2^^^-^             C               ttit^'Z     . 

// J^7t      -          -i              -<^-      ^--• 

--■                                                                         1"                                                      \ 

, 

<^j-j23^C        u:        ^nz     ^-^4g,5^--' 

zt^  i^®y        ^            '   ^»!^^e&5^2^ 

^  t'"^''^        ^   .  qz^i^-'r^iL  |S^    ^ 

y^X-/           >^    ^^^^mt^          ^          i 

^^j^2£5?            ,<^4^-'     13*^              ^ 

Z    <K3?             ^^^ZZ-'        ^^^                    X        X 

V      ^^5      -^   -,^^^          ^"^91                    t- 

^t  ^Sgi^    >1^^^^5r   ;  ^^T^<?' 

-  ^miL 

2     '5*^      ^^^^=^^^'  ^:  ,-==Jl!t                    It 

!,»,..                             +-r  — ■"'"'                                                          ■■■ 

_t       Ml    Jjt-,^       ZZ^    ,  Sa.J/^T                     i                    ^ 

tit       ::==  = 

11  ^^^Zis^C"^     v^t<^.  '^          z;            L            ^A^ 

^\?i^'  ^^ ^^'-'              JZ 

t     ~m^\4y     ^^4^^          '                  --          -^i  tv 

!•    ^5E3a$^      y^^jt              '                        ^           i^    5S- 

^— " 

t^  ^Mf/       ^w^      '      ^        =-1       '^         %-^ 

. 

/              /  i^    \fF              >/*             '                                 t^^''                                 ^"^ 

-T^'  t^m     ^     3'     "  u-C  "^             <"'• 

7    ' Jlj2Z-  ^     2f     z^-T?='    7^       ^^^     ^j;-'          X 

^35B 

_     t  Z-t^VlXi^m^  4l<l^         '~^-'''     ^'^^ 

4Z     72^   ^2  TK  3  2r           <"     ^-^        a                      X 

7     'VJlJ/t  '^ii^            =-=  ^    «=-^          "    > 

t   'trAm^^^t     '  ^--^    t^           "ft^ 

ZT  r/z  >r^^?rz>^      7--'^  ^--^Sfe              t 

i     r/^ ^A^W.'^       .'<'    -'-r  5  ^                V 

4  WWW  'T''W<^-   -----   ^^==  ■==  ====== 

i-D       3Z 

J  mtWt/  -^t-?"!^^-—' zr 

iJL3£b.E^[Z 

no  li" 

/-J^^^?^^4^-==^=====-=    ==:=^  ::==:=:  =  :=== 

95>vj'"v~rT^"/Trj^' — fynTZ 

^'MW-dl^i'"  — ^ " r 

LiiilLi.JU.LlJii\}u.lLUfJi^ 

Ba^ziJ^^  zt    "7                             iti~ 

I      1  1          i_                t-                                      —I— 

7 

-my.'jVz    I      t  -    zzzzz_  -  -All  z    z       zhz  z 

CBizZ3EfcB^/JG-  zt 

f; 

MtMz        5    ^-        ^    -        --'--   -               

_1_L              '  ' '     •' 

tj  7       4   1         1,           !r  ■     .          ■     .  J. 

_i3ffir      hS 

mJyi^tv      -J     '  _        "  z           ;  :  z    z         z     _ 

P:#zi:Z::Z?:Z;;:ZEE^=Z=:E:;Z-:::E: 

U| 

—  'I ^ rzzzzzzzzrzzz:zzzzzzz_z±zzz 

zzz^czzzzzzz^zzzzzrzzzzzzzztzzzzizzzzzzzzzzzzzz 

000/                      .oo;i                     .003                      .OOV                      ,Q05 

Stretch    per  inch  in  icncfin , 

.oo4                  007              oT.ooi 

JOHNSON   ON   CAST-IRON.  99 

that  the  computed  fiber  stress  in  cast-iron  at  the  time  of  rupture  is 
about  twice  the  tensile  strength.  For  brittle  irons  this  ratio  is  less  than 
two,  and  may  even  be  as  low  as  li,  while  for  tough  irons  it  may  be  as 
high  as  2^.  It  also  varies  with  the  form  of  the  cross-section.  "When 
the  mass  is  concentrated  about  the  neutral  axis  this  ratio  is  higher, 
while  if  it  is  concentrated  in  flanges  joined  by  a  thin  web,  this  ratio  is 
nearly  unity.  It  is  therefore  more  for  a  cylindrical  test  bar  than  for  a 
rectangular  one,  and  is  more  on  a  rectangular  bar  strained  in  the  direc- 
tion of  a  diagonal  than  when  loaded  in  a  direction  parallel  to  one  side. 

If  tensile  strength  is  desired,  therefore,  a  tension  test  must  be  made, 
and  if  cross  breaking  strength  is  sought,  only  a  test  in  cross  breaking 
will  serve. 

The  reason  why  the  cross  breaking  modulus  is  so  much  greater 
than  the  tension  modulus,  has  been  sought  for  by  some  of  our  best 
scientific  investigators,  but  no  mathematical  explanation  has  yet  proved 
adequate.  In  a  general  way  it  is  due  to  several  errors  in  the  assumiD- 
tions  made  in  the  common  theory. 

Ekroes  in  the  Common  Theoey  of  Ckoss  Bending. 

The  more  important  errors  in  the  common  theory  are: 

First. ^That  a  cross-section  which  is  plane  before  bending  is  plane 
after  bending. 

For  cast-iron  near  rupture,  and  for  other  metals  beyond  their  elastic 
limits,  this  is  not  true.  The  writer  has  made  observations  on  transverse 
graduati6ns  on  cast-iron  beams  under  micrometer  microscopes  of  high 
power,  both  when  free  from  transverse  load  and  when  bent  nearly  to 
rupture.  A  section  which  is  plane  before  bending  is  appreciably  dis- 
torted when  near  rupture.     These  investigations  are  still  in  progress. 

Second. — That  the  longitudinal  stress  is  uniformly  varying  across  the 
section. 

This  is  shown  to  be  greatly  in  error  at  rupture  by  the  tension  and 
compression  curves  in  Plates  XXX  and  XXXI.  That  is,  we  may  see 
from  these  curves  that  for  equal  increments  of  distortion  the  increments 
of  stress  are  very  small  near  rupture,  while  they  are  very  large  near  a 
zero  stress.  That  is,  in  case  of  a  beam,  even  though  the  distortion 
should  vary  uniformly  across  the  section,  the  stress  would  vary  slowly 
from  the  tension  side  inward  for  some  distance,  while  near  the  neutral 
axis  it  would  change  rapidly. 
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Plate  XXXI. 
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In  fact,  if  the  section  remained  plane  after  bending,  and  up  to  rupt- 
ure, then  the  tension  and  compression  strain  diagrams,  as  shown  on 
Plates  XXX  and  XXXI,  may  become  actual  strain  diagrams  in  cross- 
bending. 

For,  if  the  section  remains  plain  after  bending,  then  the  increments 
of  strain  or  of  distortion  are  uniform  across  the  section. 

But  for  uniform  increments  of  distortion,  such  as  are  plotted  in 
Plates  XXX  and  XXXI,  the  curves  there  plotted  show  the  corresponding 
increments  of  stress.  So  that,  if  the  tension  and  compression  strain 
diagrams  be  revolved  90  degrees,  as  shown  in  Fig.  2,  where  the  shaded 

Graphical  De^erminatioit  ofMomeni  of  Besisiance  an 
Transverse  Tests . 


portion,  0  TT^,  is  the  tension  strain  diagram  of  No.  7,  shown  in  Plate 
XXX,  and  the  shaded  portion,  0  CG^,  is  the  corresponding  compression 
diagram,  then  horizontal  ordinates  to  these  curves  represent  actual 
longitudinal  stresses  in  the  beam. 

Since  the  beam  does  actiially  break  first  on  the  tension  side,  then  it 
is  fair  to  say  that  the  real  stress  on  the  extreme  fiber  on  this  side 
at  rupture  is  the  breaking  strength  of  the  material  in  direct  tension. 
That  is,  TT^,  which  in  this  case  is  about  21  000  pounds,  represents  the 
stress  on  the  extreme  fiber  on  the  tension  side  at  rupture.     Its  distor- 
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tion  at  the  breaking  point  was  then  about  0.007  of  its  length.  Since 
the  distortion  is  assumed  to  vary  uniformly  across  the  section,  then  for 
distortions  of  0.006,  0.004  and  0.002,  which  are  plotted  with  equal 
spaces  on  the  figure,  the  corresponding  stresses  are  about  19  000,  17  000 
and  13  000  pounds  per  square  inch,  respectively. 

If  the  line  TT^  be  taken  as  the  position  of  the  tension  side  of  thq 
beam,  then  the  line  through  0  becomes,  to  some  scale,  the  position  of 
the  neutral  axis.  It  remaius  to  find  the  position  of  the  extreme  fiber  on 
the  compressed  side  on  this  same  diagram. 

The  com]3ression  strain  diagram  is  0  G^  continued  indefinitely.  The 
position  of  the  extreme  fiber  and  the  stress  on  the  same  cannot  be 
marked  off  at  once. 

In  any  structure  or  beam,  the  sum  of  the  longitudinal  (or  horizontal) 
stresses  or  components  of  stresses,  cut  by  any  section,  must  equal  the 
sum  of  the  outer  forces  or  components  in  the  same  direction  on  one  side 
of  the  section. 

In  the  case  of  simple  cross-bending  the  sum  of  the  longitudinal  com- 
ponents of  the  outer  forces  on  one  side  of  any  cross-section  is  zero; 
therefore,  the  sum  of  the  longitudinal  stresses  in  the  structure  or  beam 
itself  must  be  zero.  In  other  words,  the  sum  of  the  tension  stresses 
must  exactly  equal  the  sum  of  the  compressive  stresses  in  every  beam 
subjected  to  simi^le  cross-bending. 

Since  the  beam  actually  does  break  by  tension,  then  the  stress  on  the 
extreme  fiber  on  the  tension  side  must  be  the  tensile  strength  of  the 
material,  and  hence  the  whole  of  the  tension  strain  diagram  must  be 
used.  The  area  of  this  diagram  ( 0  TT  ^ ,  Fig.  2)  represents  the  total  stress 
on  the  tension  side  of  a  rectangular  beam  1  inch  wide.  Since  the  com- 
pressive stress  must  be  equal  to  it,  we  must  take  an  equal  area  from 
that  diagram,  by  passing  an  ordinate  parallel  to  the  neutral  axis,  cutting 
off  an  area  0  CC^  equal  to  0  TT^.  When  this  is  found  by  trial,  using  a 
planimeter  to  measure  areas,  this  horizontal  line  through  G  represents 
the  extreme  fiber  on  the  compression  side  of  the  beam,  and  the  ordi- 
nate GC^  rei^resents  the  stress  on  this  fiber  at  rupture. 

The  moment  of  resistance  is  now  equal  to  one  of  these  total  stresses  (or 
areas)  into  the  arm  of  the  couple,  which  is  the  vertical  distance  between 
their  centers  of  gravity.  This  arm,  however,  must  be  the  true  distance 
in  the  specimen  itself,  and  bears  the  same  relation  to  a  as  the  true  height 
of  specimen  does  to  the  line  C  Tin  the  figare.     That  is  C  T  represents 
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tlie  height  of  the  beam  to  some  arbitrary  scale,  and  a  is  given  on  the 
drawing  to  this  same  scale.  The  areas  must  also  be  evaluated  for  this 
scale  and  that  of  the  stresses. 

In  the  case  of  specimen  No.  7,  shown  in  Fig.  2,  the  stress  area  is 
equivalent  to  10  390  pounds,  and  the  arm,  reduced,  is  0.94  inches.  The 
moment  of  resistance  is,  therefore,  the  product  of  these  two  quantities, 
or  9  760  inch-pounds. 

The  actual  breaking  moment  was  j  Wl  = j — ~  =  11  100  inch- 
pounds. 

The  moment  of  resistance  by  the  ordinary  formula  is 

_„.       21200  X   .75  X  1.532 
Mo  —  I  f  hit-  = =  6  200  inch  pounds. 

By  using  the  actual  stress  diagrams,  therefore,  instead  of  the  assump- 
tion of  uniformly  varying  stress,  we  have  accounted  for  nearly  three- 
fourths  of  the  discrepancy  between  the  formula  and  the  fact. 

In  several  trials  of  this  kind  the  true  stress  diagrams  have  accounted 
foi*  from  one-half  to  three-fourths  of  the  usual  discrepancy. 

There  is  still  something  to  be  exj^lained,  therefore.  The  fact  that 
near  rupture  the  section  no  longer  remains  plane  will  explain  a  part  of 
the  remaining  discrepancy.  The  rest  of  it  is  probably  accounted  for  by 
the  third  erroneous  assumption. 

Tliird. — It  is,  of  course,  assumed  that  before  bending,  the  beam  is  in 
a  perfectly  free  and  unstrained  condition.  In  the  case  of  cast-iron  this 
is  never  true.  The  outer  portions  cool  first,  and  when  the  interior  cools 
and  contracts  the  now  rigid  exterior  shell  is  put  in  compression  and  the 
interior  in  tension.  When  the  beam  comes  to  be  bent  the  initial  com- 
pression in  the  extreme  fibers  have  first  to  be  overcome,  so  that  by  the 
time  the  exterior  fiber  on  the  tension  side  is  reduced  to  a  neutral  state 
there  is  already  a  considerable  load  on  the  beam. 

The  writer  has  also  investigated  this  subject  by  observing  section 
lines  across  cast-iron  beams  on  both  top  and  bottom  sides,  and  then 
slicing  the  beam  longitudinally  by  sawing  it  into  thin  strips,  and  again 
reading  on  the  same  section  lines  with  micrometer  microscopss  of  high 
power  attached  to  the  standard  comparator  belonging  to  the  University. 
These  observations  ai*e  still  in  progress,  but  enough  has  been  obtained 
to  prove  that  the  outer  i)ortions  of  such  a  cast-iron  beam  expand  and 
the  inner  portions  contract  when  cut  into  strips. 
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Summary  of  Errors. 

The  principal  fact  left  out  of  account  in  the  ordinary  formula  is  the 
varying  stress  across  the  section,  even  though  the  section  remained 
plane.  When  allowance  is  made  for  the  section  distorting,  this  further 
increases  the  variation  of  intensity  of  stress.  When  we  add  to  these 
the  unknown  initial  stress  of  compression  in  the  extreme  fibers  which 
must  be  overcome  before  any  tension  is  exerted,  we  probably  have  quit© 
enough  to  explain  the  surprising  strength  of  cast-iron  in  cross  breaking. 
There  is  no  necessity,  in  the  writer's  opinion,  for  resorting  to  some 
occult  source  of  strength  arising  from  the  shearing  stresses.  It  is  diffi- 
cult to  see  how  a  shearing  stress  can  add  to  the  moment  of  resistance. 
Shear  is  not  moment,  and  cannot  be  converted  into  moment,  except  by 
acting  through  an  arm.  But  when  the  discussion  is  confined  to  one 
cross-section,  there  can  be  no  arm  by  which  the  shear  may  act.  It  is 
simply  a  case  of  equilibrium  of  moment  of  resistance  with  the  moment  of 
the  external  forces,  and  the  writer  believes  he  is  now  able  to  explain  the 
entire  moment  of  resistance  and  to  prove  it  by  actual  test  * 

When  computed  from  the  ordinary  formula  the  stress  on  the  ex- 
treme fiber  in  cast-iron  in  cross  breaking  is  from  one  and  one-quarter 
to  two  and  one-half  times  what  it  is  by  direct  tension,  and  this  apparent 
anomaly  has  given  rise  to  much  literature  that  is  more  curious  than 
useful. 

Transverse  Resilience  of  Beams. 

Just  as  the  resilience  of  a  test  specimen  in  tension  is  given  by  the 
area  of  the  tensile  strain  diagram,  so  the  resilience  of  a  beam  is  shown 
by  the  area  of  the  strain  diagram  found  by  plotting  loads  and  deflec- 
tions. Thus  the  average  load,  multiplied  into  the  distance  moved  (the 
deflection)  is  the  work  done  on  the  beam.  This  work,  or  energy,  the 
beam  absorbs  before  breaking. 

In  Plate  XXXI,  the  strain  diagram  for  the  transverse  test  is  plotted 
for  the  deflections  and  the  computed  stresses  on  the  extreme  fiber.  Now, 
565  pounds  load  in  this  instance  give  just  20  000  pounds  computed 
stress  on  the  extreme  fiber,  or  1  square  inch  of  this  diagram  rej^resents 
565  X  .02  ^  113  inch-pounds  of  resilience.  The  total  area  of  the  curve 
being  12.34  square  inches,  the  total  resilience  of  the  beam  is  113  X 
12.34   =  1394  inch-pounds.     The  volume  of  this  beam  was  20  cubic 

*  This  will  form  the  subject  of  a  paper  he  now  has  under  preparation. 
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inches,  hence  the  unit  transverse  resilience  for  this  specimen  of  gun 
iron  is  69.7  inch-pounds  per  cubic  inch,  or  258  inch-pounds  per  pound 
of  iron.  This  is  56  per  cent,  of  the  tension  resiHence  and  is  an  excess- 
ively large  result.  It  is  five  times  as  great  as  any  transverse  resilience 
the  writer  has  ever  obtained,  although  the  tension  resilience  of  this  • 
same  iron  has  been  exceeded  in  the  writer's  laboratory. 

In  Plate  XXX  are  given  the  curves  of  tension,  compression  and  cross 
breaking  tests  of  some  silicated  iron  specimens  cast  expressly  for  experi- 
mental purjioses,  all  from  the  same  run.  The  specimens  were  li-inch 
square  bars,  26  inches  long.  They  were  dressed  down  to  J  inch  in 
width  and  broken  transversely  with  the  full  1  J-inch  thickness.  One  end  of 
each  of  the  broken  specimens  was  cut  into  two  J-inch  square  bars,  turned 
down,  and  broken  in  tension.  One  end  of  No.  6  and  one  of  No.  7  was 
then  dressed  plane  on  the  ends,  turned  down  to  0. 73  in  diameter  and 
3  inches  long,  and  broken  in  compression,  giving  rise  to  the  compres- 
sion diagrams. 

The  tension  curves  are  put  in  by  exterpolation  beyond  the  18  000 
pound  line,  but  the  compression  diagrams  were  observed  up  to  the 
60  000  pound  line.  The  cross  breaking  curves  were  observed  up  to 
rupture. 

The  strength  and  resilience  of  this  iron  in  tension,  compression  and 
cross  breaking  are  given  in  the  following  table,  the  latter  in  inch-pounds 
per  cubic  inch. 


No.  of 

Tension  (Mean  of  Two  Tests). 

Compression.* 

Cross  Breaking. 

Specimens. 

Strength. 

Resilience. 

Strength. 

Resilience. 

Strength. 

Resilience. 

6 

7 

21725 
21100 

118.5 
138.5 

67  000 
76  000 

30  000 
40  000 

38  400 
38  000 

9.8 
12.7 

Here  the  cross  breaking  resilience  is  but  8.3  and  9.2  per  cent,  re- 
spectively of  the  tension  resilience,  instead  of  56  per  cent,  as  was  the 
case  of  the  gun  metal  test.  This  is  the  ordinary  ratio,  or  in  general  the 
cross  breaking  resilience  will  be  found  to  be  about  rg^th  or  iVth  of 
the  tension  resilience,  whether  found  for  the  pound  or  the  cubic 
inch  unit. 


*  The  specimens  bent  in  a  reversed  curve,  were  shortened  '4  inch,  but  did  not  crush. 
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Removal  of  Loads. 

In  all  three  tests  plotted  in  Plate  XXXI,  the  load  was  frequently 
removed  and  the  permanent  set  noted.  Thus  in  the  tension  test,  the 
load  being  removed  at  30  000  pounds,  the  specimen  recovered  a  part  of 
its  distortion,  returning  on  the  path  SS^,  and  leaving  a  permanent  set 
of  0S\ 

In  the  compressive  test,  the  load  being  removed  at  C,  the  specimen 
recovered  on  the  line  CC^  with  a  jsermanent  set,  0  C. 

In  the  cross  breaking  test  the  load  being  removed  at  B,  the  specimen 
recovered  its  deflection  along  the  line  B B\  with  a  permanent  set  of  0  B^ . 

These  j^aths  of  recovery  are  in  every  case  api:)roximately  parallel  to 
the  tangents  to  the  corresponding  curves  at  the  origin.  This  is  also 
shown  on  Plate  XXIX. 

The  dotted  lines  on  Plate  XXXI  indicate  paths  on  which  the 
specimen  would  have  recovered,  if  the  loads  had  been  removed  at  these 
points. 

The  elastic  resilience,  that  is,  the  resilience  within  the  elastic  limit, 

for  a  uniform  bar  in  tension  is*  R  =  ^-=  (volume). 

In  cross  breaking,  for  a  uniform  bar  loaded  in  the  middle  and  sup- 

/" 
ported  at  the  ends,  the  elastic  resilience  is  i?=   "    „   (volume)    for  rec- 

tangularbar,  and  i?  ==::  (volume)  for  round  bar,  where  /  is  stress  per 

square  inch  on  extreme  fiber,  and  E  is  modulus  of  elasticity. 

That  is,  the  theoretic  elastic  tension  resilience  is  9  times  that  in  cross 
breaking  for  a  rectangular  bar,  and  15  times  that  in  cross  breaking  for 
a  round  bar,  for  the  same  computed  extreme  fiber  stress. 

Furthermore,  we  see  that  in  every  case  the  resilience  varies  with  the 
volume  of  the  bar,  and  is  independent  of  its  dimensions.  That  is,  the 
cross-breaking  resilience  of  a  rectangular  bar  containing  50  cubic  inches 
of  iron  is  the  same,  whether  the  bar  be  1  inch  square  and  50  inches  long, 
or  2  inches  square  and  12^  inches  long,  or  1  inch  wide  and  2  inches 
thick  and  25  inches  long,  or  4  inches  wide  and  \  inch  thick  and  25  inches 
long. 

If  this  iron  had  an  ultimate  cross  breaking  resilience  of  10  inch- 
pounds  per  cubic  inch,  then  the  total  resilience  of  the  bar  would  be 
00  inch-pounds.     Now  a  body  weighing  50  pounds,  falling  10  inches, 

*  See  Bankine's  Applied  Mechanics  or  his  Civil  Engineering  for  the  following  equations. 
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or  one  weighing  10  pounds  and  falling  50  inclies,  has  stored  in  it  500 
inch-pounds  of  energy.  If  it  fell  on  any  one  of  these  four  bars,  at  its 
middle  point,  and  no  energy  be  spent  in  compressing  the  points  of  con- 
tact, it  would  just  break  the  bar,  since  the  resilience  of  the  bar  is 
just  equal  to  the  energy  of  the  blow.  For  resisting  such  a  blow, 
therefore,  all  these  bars  have  an  equal  strength,  whereas,  for  a  static 
load,  the  2-inch  square  bar  is  thirty-two  times  as  strong  as  the  bar 
1  inch  square,  the  formula  for  strength  for  a  load  in  the  middle  being 

I       2. 

This  apparent  paradox  is  explained  by  the  fact  that  the  deflection  of 
the  1-inch  square  bar,  50  inches  long,  would  be  just  thirty-two  times 
that  of  the  2-inch  square  bar  12^  inches  long,  and  since  the  resistance 
to  shock  varies  as  the  product  of  the  strength  and  the  deflection,  we 
see  that  these  two  j)roducts  would  be  the  same. 

The  fact  that  strength  to  resist  shock  depends  only  on  volume  and 
not  on  particular  dimensions,  though  of  great  practical  significance, 
does  not  seem  to  be  generally  known. 

Impact  Tests  to  Deteemine  Transverse  Resilience. 

A  common  method  of  testing  cast-iron  to  determine  its  ability  to  resist 
shocks  or  blows,  is  by  means  of  some  kind  of  impact,  usually  a  falling 
body.  In  Plate  XXXIII  is  shown  a  machine  for  this  purpose,  invented 
I  believe  by  Mr.  Heisler,  formerly  of  the  Baldwin  Locomotive  Works, 
but  now  a  student  in  Cornell  University.  The  test  bar  is  held  in  place  by 
thumb-screws  on  knife  edges,  and  a  third  knife-edged  center  bar  rests 
against  the  middle  of  the  test  bar.  A  heavy  weight  is  suspended  as  a 
pendulum,  and  is  raised  to  given  vertical  heights  as  shown  by  a  proper 
graduation  on  the  arc.  In  falling  it  obtains  an  energy  or  vis  viva,  equal 
to  its  weight  into  the  vertical  distance  fallen  through,  and  this  energy  is 
supposed  to  be  wholly  absorbed  by  the  bar.  The  strokes  are  repeated 
each  time  from  a  greater  height,  until  the  bar  breaks.  The  energy  of 
the  final  stroke  is  called  the  resilience  of  the  bar. 

The  machine  here  shown  is  now  in  use  by  the  Baldwin  Locomotive 
"Works,  and  at  Cornell  University. 

There  are  three  serious  objections  to  all  impact  tests: 

First. — A  part  of  the  blow  is  of  necessity  spent  on  the  falling  body 
itself,  and  on  the  pivots  and  on  the  supporting  body,  and  what  propor- 
tion this  is  of  the  whole  energy  can  never  be  known. 
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Second. — As  is  clearly  shown  in  Plate  XXXI,  which,  however,  is  an 
extreme  case,  each  blow,  near  the  limiting  strength,  uses  up,  or  destroys 
a  part  of  the  original  resilience  of  the  bar,  so  that  all  thelast  blow  shows 
is  what  amount  of  resilience  was  left  in  the  bar  after  the'previous  blows 
have  been  given.  Thus,  suppose  a  blow,  sufficient  to  strain  the  material 
up  to  B,  Plate  XXXI,  to  have  been  given.  It  has  caused  a  permanent  set 
in  the  bar  of  0  B^,  and  has  permanently  taken  out  of^the  bar  an  amount 
of  resilience  indicated  by  the  area  0  B  B^.  Suppose  the  next  blow 
strained  it  up  to  M.  Then  it  recovers  on  M  M^,  lea\'ing  the  permanent 
set  0  3P,  and  we  have  now  destroyed  that  part  of  its  total  resilience 
represented  by  0  M  3P,  which  is  more  than  half  the  original  amount  in 
the  iron.  If  the  next  blow  breaks  it,  it  need  only  have  an  energy  equal  to 
the  area,  M PP^  IP,  and  this  is  called  the  resilience  of  the  iron;  whereas, 
if  a  blow  of  double  this  amount  had  been  delivered  at  first,  it  would  not 
have  broken  it.  The  more  the  material  submits  to  permanent  distor- 
tion, the  greater  the  error  from  the  drop  test,  unless  the  blow  could  be 
exactly  graduated  to  the  specimen,  so  as  to  break  it,  and  no  more  than 
that,  on  the  first  blow.  But  this  involves  a  previous  knowledge  of  the 
very  thing  sought. 

We  must  conclude,  therefore,  that  impact  tests  on  cast-iron  cannot 
be  relied  on  to  give  any  absolute  information  concerning  the  original 
strength  or  resilience  of  cast-iron,  or  of  any  other  material  not  perfectly 
elastic  up  to  the  point  of  rupture. 

To  find  the  cross-breaking  resilience  we  must  make  a  static  test  in 
cross  breaking,  measure  the  deflections,  plot  the  resulting  strain  diagram, 
measure  the  area,  and  compute  it  per  unit  volume.  This  then  becomes 
an  absolute  measure  of  the  ability  of  the  material  in  its  original  state  to 
resist  a  transverse  blow  or  shock. 

For  commercial  purposes,  however,  the  area  of  the  diagram  in  cross 
breaking  may  be  taken  as  a  triangle,  when  its  area  would  be  one-half  the 
breaking  load  into  its  maximum  deflection.  This  will  always  give  too 
small  a  result,  but  the  error  will  not  often  be  more  than  10  per  cent., 
and  since  it  is  always  in  the  same  direction,  for  comparative  purposes  it 
will  serve  very  well. 

Third. — An  impact  test  gives  no  information  whatever  of  the  strength 
of  the  material  to  resist  a  static  load.  It  gives  some  erroneous  informa- 
tion of  the  product  of  the  strength  and  the  deflection,  but  it  tells  nothing 
of  either  the  strength  or  the  deflection  alone.     The  static  test,  on  the 
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other  hand,  gives  us  both  these  elements  separately  and  then  we  can 
multiply  them  together  and  get  the  absolute  measure  of  the  resilience. 
We  will  then  know  wherein  its  great  or  small  resilience  lies,  whether 
in  its  strength  or  in  its  ability  to  distort,  and  can  judge  the  metal  accord- 
ingly. 

It  must  be  admitted,  therefore,  that  the  static  test  should  always  be 
applied  when  possible. 


Machine  for  Ceoss  Breaking  Tests. 

Since  the  existing  cross  breaking  testing  machines  have  no  ready 
means  for  measuring  the  deflection  of  the  specimen,  and  moreover  since 
they  cost  about  $100  each,  the  writer  set  about  designing  a  machine 
which  should  be  at  once  cheap  and  adapted  to  the  requirements  of  a 
cross  breaking  test. 

The  result  of  his  labors  is  shown  in  Fig.  3.  The  weighing  is  done 
on  an  ordinary  pair  of  platform  scales.  Since  the  weighing  part  of  a 
machine  is  the  most  exijensive  part,  it  was  thought  that  by  utilizing  the 
ordinary  platform  scales,  the  cost  would  be  greatly  reduced.  The 
device  here  shown  is  therefore  but  an  attachment  to  such  scales. 


Fig.  3. 

The  test  bar  rests  on  two  movable  tripods,  one  of  which  rests  on  the 
scales  and  the  other  on  the  bottom  frame  of  the  apparatus.  The 
load  is  put  on  by  the  hand  wheel  TF  or  by  a  lever  through  its  capstan 
head.     A  reference  beam  R  is  held  by  the  uprights  H  which  are  rigidly 
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attached  to  the  tripod  heads.  This  reference  beam  carries  a  micrometer 
screw  and  scale,  by  means  of  which  the  depression  of  the  head  of  the 
power  screw  with  reference  to  the  bearing  knife  edges  is  accurately 
measured  to  the  nearest  thousandth  of  an  inch.  This  movement  is  the 
deflection  of  the  beam.  < 

Since  the  ordinary  platform  scales  can  weigh  loads  from  1  000  to  2  000 
pounds,  it  is  evident  that  by  this  attachment  a  test  load  can  be  applied 
of  twice  this  amount.  But  a  load  of  from  2  000  to  4  000  pounds  is  quite 
sufficient  for  any  test  bar  of  cast-iron.  When  not  in  use  the  attachment 
is  run  off  out  of  the  way.* 

Since  the  indicated  load,  by  this  machine,  is  just  one-half  the  break- 
ing load,  the  resilience  of  the  iron  in  inch-pounds  per  pound  of  metal  is 
given  by  the  convenient  rule :  Multiply  the  indicated  load  (or  half  the 
breaking  load)  by  the  deflection  of  the  bar  and  divide  by  its  weight, 
using  pounds  and  inches  as  units. 

By  this  rule  we  have  only  to  weigh  the  bar  and  then  test  it.  Or 
weighing  after  testing  would  do  as  well.  But  we  pay  no  attention  to 
dimensions. 

It  is  impossible  to  obtain  cast-iron  specimens  of  exact  sizes,  and 
hence  if  the  static  strength  is  required,  the  result  has  always  to  be  cor- 
rected up  to  what  it  would  have  been  if  the  dimensions  had  been  those 
required  in  the  specifications.  This  requires  a  knowledge  of  formula 
which  the  average  mechanic  does  not  possess.  But  here  is  a  rule  and  a 
machine  which  anybody  can  manipulate,  which  requires  no  knowledge 
of  mechanics,  costs  little,  and  yet  which  tells  far  more  about  the  charac- 
ter of  the  iron  than  any  test  for  strength  alone,  whether  in  tension  or 
cross  breaking. 

Since  cast-iron  usually  fails  from  shock,  a  resilience  test  must  be 
applied,  and  the  only  way  this  can  be  scientifically  applied  is  by  means 
of  a  static  test  with  measured  distortion.  The  tension  test,  with  meas- 
ured extensions  is  good,  but  it  requires  an  expensive  machine  and  an 
engineer  to  run  it.  But  since  it  is  usually  the  cross  breaking  strength 
which  is.  of  most  value  in  the  product,  a  test  in  cross  breaking  is  the 
proper  thing. 

By  means  of  this  new  rule,  and  with  the  aid  of  this  simple  machine 
every  foundry  man  could  test  his  own  mixtures,  and  the  engineer  or  his 
inspector  could  make  his  tests  for  every  run  of  metal  at  the  works. 

*  These  machines  are  now  manufactured  in  St.  Louis,  under  the  direction  of  the  writer, 
.  and  can  be  had  at  a  reasonable  cost. 
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It  lias  been  more  or  less  customary  to  specify  a  certain  load  and  also 
a  certain  deflection  for  a  given  sized  specimen  of  cast-iron,  but  tlie  loads 
and  deflections  have  never  been  combined,  so  far  as  the  writer  is  aware, 
into  one  result.  Thus,  if  the  load  was  greater  than  required,  but  the 
deflection  less,  it  would  be  a  hardship  to  the  foundryman  to  have  the 
iron  rejected.  We  now  see  that  it  is  the  product  of  these  two  things 
which  is  significant,  and  although  one  is  just  as  important  as  the  other, 
yet  they  cannot  be  estimated  separately.  They  must  be  multiplied 
together. 

Values  of  Tension  and  Cross  Breaking  Resilience. 

Before  the  resilience  tests  of  cast-iron  can  become  common,  there 
must  be  standards  established  which  may  be  introduced  into  specifica- 
tions. Since  there  have  been  so  few  tests  made,  wherein  the  deflections 
have  been  carefully  observed  in  cross  breaking  tests,  or  the  elongations  in 
tension  tests,  it  is  im^Dossible  now  to  state  what  such  standard  require- 
ments should  be. 

The  writer  has,  however,  made  some  fifty  tests  of  cast-iron  in  tension, 
measuring  the  elongations  and  computing  the  tension  resilience,  and  also 
some  65  tests  in  cross  breaking,  measuring  the  deflections  and  comput- 
ing the  cross  breaking  resilience. 

Since  tension  tests  are  made  on  turned  up  specimens  of  small  size 
it  is  more  convenient  to  compute  the  tension  resilience  in  inch-pouuds 
per  cubic  inch.  But  cross  breaking  tests  are  larger,  are  irregular  in  size, 
and  these  are  more  easily  weighed.  The  resilience  of  cross  breaking 
tests  can  therefore  more  readily  be  comjjuted  in  inch-pounds  per  pound 
of  iron. 

Values  of  Tension  Resilience. 

The  writer's  results  in  tension  resilience  of  cast-iron  have  run  from 
30  to  140  inch-pounds  per  cubic  inch.  The  highest  tension  resilience  of 
gun  metal  found  in  the  Watertown  Arsenal  Reports,  was  126  inch-pounds 
per  cubic  inch,  and  the  lowest  found  was  in  Hodgkiuson's  experiments, 
or  15  inch-pounds  per  cubic  inch. 

I  should  therefore  say  that  the  cheaper  grades  of  cast-iron,  such  as 
is  used  in  water-pipe,  should  be  required  to  have  a  tension  resilience  of 
at  least  40  inch-pounds  per  cubic  inch. 

For  general  foundry  purposes  the  tension  resilience  should  be  as 
miach  as  60  inch-pounds  per  cubic  inch. 
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For  foundation  parts  of  macliines,  engines,  pumi3s,  etc.,  subject  to 
shock,  the  resilience  should  not  be  less  than  80  inch-pounds  per  cubic 
inch. 

For  car  wheels  and  all  movable  parts  of  machines  subject  to  great 
shocks,  the  resilience  should  not  be  less  than  100  inch-pounds  per  cubic 
inch. 

All  these  values  to  be  determined  by  observing  the  elongation  under 
a  tension  test,  plotting  the  resulting  strain  diagram,  as  in  Plate  I,  meas- 
uring the  area,  and  evaluating  it  by  the  scale  of  the  drawing. 

VAiitJES  OF  Ceoss  Breaking  Kesilience. 

In  the  following  table  the  values  of  the  cross  breaking  strength  and 

resilience  are  given  with  all  the  data  of  the  test.     The  resilience  is  com- 

.    T  ,      , ,         1  ,  .      i  breaking  load  X  deflection 

puted  by  the  rule  given  above,  viz. : ^— r- — ;n ^• 

weight  of  beam 

It  Avill  be  seen  the  cross  breaking  resilience  varies  from  17  to  51  inch- 
pounds  per  pound  of  iron. 

The  average  resilience  for  the  40  water-pipe  specimens  gives  24.3 
inch-pounds  per  pound  of  iron. 

The  average  of  the  eleven  foundry  specimens  is  27  inch-pounds  per 
pound  of  iron. 

The  average  of  the  four  specimens  of  good  stove  iron  is  44  inch-pounds 
per  pound  of  iron. 

The  average  of  the  four  si^ecimens  of  jjoor  stove  iron  is  21  inch- 
pounds  per  pound  of  iron. 

The  average  of  the  two  specimens,  aluminium  iron  is  49,  of  the  two 
specimens  of  silicated  iron  45 . 5,  and  of  the  three  specimens  of  Rankine 
and  Fitch  28  inch-pounds  per  pound  of  iron. 

It  thus  appears  that  the  cross  breaking  resilience  is  more  constant 
than  the  tension  resilience,  but  still  varies  in  these  tests  by  300  per  cent. 

From  these  experiments  I  would  say  that  cross  breaking  tests  should 

show  a  result,  when 

i  breaking  load  X  deflection 

weight  of  specimen 
is  taken,  of 


Not 


ess  than  20  for  water  pipe. 

"       30  for  foundry  castings. 

"       40  for  machinery  work. 

"      45  for  car  wheels  and  movable  parts  of  machines. 

"      50  for  stoves  and  agricultural  machinery. 
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EA.TIO   OF   StKENQTH   TO   RESILIENCE. 

From  Plate  XXIX  it  is  evident  that  there  is  no  relation  between 
strength  and  resilience  in  tension  tests. 

The  strongest  iron  there  shown,  32  000  pounds  per  square  inch,  has 
a  resilience  of  85.3  inch-pounds  per  cubic  inch,  while  another,  whose 
strength  is  less  than  21,000  pounds,  has  a  resilience  of  130  inch-pounds 
per  cubic  inch. 

The  sixty-five  tests  in  cross  breaking  have  their  strength  and  resilience 
in  inch -pounds  per  pound  of  iron,  j^lotted  to  each  other  on  Plate 
XXXIV.  The  wide  dis^jprsion  of  these  i^oints  over  the  sheet  show  again 
there  is  no  relation  between  cross  breaking  strength  and  cross  breaking 
resilience. 

Conclusion. 

The  writer  believes  that  in  their  zeal  for  studying  the  wonderful 
properties  of  wrought-iron  and  steel,  engineers  have,  for  nearly  half  a 
century,  almost  overlooked  the  equally  useful  properties  of  cast-iron. 
That  although  cast-iron  almost  always  fails  from  some  kind  of  shock  or 
blow,  or  a  repetition  of  such  blows,  yet  the  ability  of  this  material  to 
withstand  such  shocks  has  never  been  determined.  That  while  the 
greatest  refinements  have  been  introduced  into  the  testing  of  wrought- 
iron  and  steel,  no  one  has  thought  it  worth  his  while  to  pay  any  special 
attention  to  the  testing  of  cast-iron. 

The  writer  hopes,  therefore,  that  this  subject  may  receive  the  atten- 
tion of  those  members  of  the  society  who  appreciate  the  needs  of  the 
situation,  and  that  by  a  general  discussion  a  set  of  standard  specifica- 
tions may  be  agreed  upon  which  will  at  once  improve  the  practice  of  the 
foundries,  and  insure  against  many  of  those  unfortunate  accidents 
which  have  given  to  cast-iron  so  bad  a  name. 

Engineers  have  it  in  their  j)ower  to  greatly  improve  upon  the  char- 
acter of  the  cast-iron  now  used,  and  to  educate  the  iron  manufacturers 
and  iron  users  up  to  a  higher  plane  of  jsractice.  But  so  long  as  his  cus- 
tomers do  not  complain  the  foundryman  will  use  the  cheapest  mixture 
he  can  find  on  the  market  that  will  pass  the  casual  inspection  usually 
given. 

It  is  not  uncommon,  in  writing  specifications  for  cast-iron,  for  the 
engineer  to  specify  the  mixture.  This  is  a  bad  practice.  It  does  not 
insure  a  definite  product,  and  it  often  enhances  the   cost  without  any 
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corresponding  advantage.  Since  a  product  is  desired,  having  certain 
physical  properties,  the  engineer  should  confine  his  specifications  and 
tests  to  the  product,  leaving  the  foundryman  free  to  use  any  mixture  he 
pleases,  so  long  as  his  iron  comes  up  to  the  specified  standard. 

It  is  well  always  to  specify  something  in  regard  to  the  inner  appear- 
ance of  the  iron,  since  no  white,  coarsely  crystalline,  dirty,  or  cindery 
iron  is  fit  for  ordinary  castings.  Something  in  regard  to  the  outei* 
appearance,  also,  is  well,  since  rough  castings,  and  such  as  have  cold 
shuts,  or  blow  holes,  are  undesirable. 

A  very  good  test  of  the  toughness  of  the  iron  is  the  facility  with 
which  it  is  indented  by  a  hammer,  on  a  sharp  corner.  If  it  is  brittle 
it  chips  ofif,  if  tough,  it  indents. 

So  much  for  general  tests,  such  as  can  be  applied  by  a  casual  inspec- 
tion. If,  however,  the  real  strength  of  the  iron,  and  what  is  of  a  great 
deal  more  importance,  its  ability  to  resist  shocks  or  blows  is  desired, 
then  further  tests  are  required. 

In  order  to  bring  out  such  a  discussion,  a  proposed  set  of  specifica- 
tions for  cast-iron  is  appended. 

Proposed  Specifications  fob  Cast-iron. 

All  castings  shall  be  made  of  soft  gray  iron-  which  can  be  readily 
planed,  turned  or  drilled.  All  broken  surfaces  shall  show  a  dark 
metallic  luster,  of  uniform  color  and  close-grained  texture  entirely 
across  the  surface.  There  shall  be  no  blow  holes,  cinder  patches,  cold 
shuts,  or  mottled  spots,  either  on  the  surface  or  on  the  interior.  The 
surfaces  shall  be  smooth  and  full,  nearly  free  from  sand,  and  the  exterior 
angles  sharp.  All  cored  openings  and  parts  shall  be  full  and  true  in  form 
without  excess  or  overrun.  When  struck  with  a  hammer  on  a  sharp  corner 
it  shall  indent  and  not  break  off".  All  sudden  variations  of  thickness 
shall  be  avoided.  Defective  castings  shall  not  be  patched,  plugged,  or 
mended  by  burning  or  running  on  new  metal. 

From  every  run  of  metal,  or  as  often  as  may  be  required,  test  bars 
shall  be  run.  If  tension  bars  are  required  they  shall  be  Ij-inch  diam- 
eter and  15  inches  long.  If  cross  breaking  tests  are  to  be  made  the  bars 
should  be  i  inch  thick,  2  inches  wide  and  2  feet  long.*  Such  speci- 
mens shall  be  cast  from  regular  patterns  with  the  same  care  as  is  used 
in  other  castings  as  to  blow  holes,  cinder  patches,  proper  peeling,  etc., 
and  shall  always  be  cast  in  duplicate. 

*  Almost  any  other  dimensions  will  do  as  well,  but  this  is  a  very  good  size. 
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When  tested  in  tension  the  iron  shall  show  a  strength  of  25  000* 
pounds  per  square  inch,  and  it  shall  show  an  elongation  under  test  of 
at  least  four  one-thousandths  of  its  length, f 

When  tested  in  cross  breaking  and  its  deflection  taken,  one-half  the 
breaking  load  in  pounds,  multiplied  by  the  deflection  in  inches  and 
divided  by  the  weight  of  the  bar  in  pounds  shall  give  a  result  of  more 
than  304 

If  static  strength  is  required,  and  the  cross  breaking  test  is  to  be 
used,  say: 

The  cross  breaking  load  on  the  bar  shall  be  more  than  that  shown 

by  the  formula  W=  — j— — -• 

Where  W  is  the  load  on  the  middle  of  the  bar  in  pounds,  and  b  h 
and  I  are  the  breadth,  height,  and  length  of  the  beam  respectivly  in 
inches. 

*  Put  from  18  000  to  28  000,  according  to  requirements. 

t  See  Plate  I. 

JThis  may  be  put  from  20  to  50  according  to  requirements.  See  Table  of  Cross  Breaking 
Tests. 

§  This  corresponds  to  a  computed  stress  iu  extreme  fibers  (/  )  of  36  000  pounds  per  square 
inch.  If  the  cross-breaking  strength  is  to  be  high  use  30  000  in  islace  of  24  000.  See  Table 
of  Cross  Breaking  Tests. 
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DISCUSSION. 


Geokge  a.  Just,  Juu.  Am.  Soc.  C.  E. — ^Designers  and  manufacturers 
alike  are  indebted  to  Professor  Johnson  for  this  record  of  his  exjjeri- 
ments,  since  existing  data  are,  to  a  great  extent,  derived  from  English 
irons  or  from  high  grade  American  gun  irons. 

Kemembering  that  his  tests  were  made  on  ordinary  foundry  irons, 
and  not  on  special  mixtures  designed  to  give  great  strength,  the  feature 
of  the  record  is  that  the  specimens  should  have  develoi^ed  a  tensile 
strength  from  17  000  to  36  000  pounds  per  square  inch,  and  his  recom- 
mendation that  specifications  shoiald  demand  from  18  000  to  28  000 
pounds.  Our  experience  makes  18  000  jjounds  a  maximum  rather 
than  a  minimum  for  the  tensile  strength  of  good  cast-iron  as  used  in 
ordinary  every  day  work. 

The  higher  tensile  strength  which  Professor  Johnson  found  is  de- 
sirable, not  because  designers  now  use  cast-iron  in  direct  tension,  but 
because  of  the  direct  relation  existing  between  the  tensile  and  cross- 
breaking  strength  of  the  material,  the  latter  coming  into  play  continu- 
ally m  machinery  castings  and  in  the  lintels,  column-brackets,  etc.,  of 
biiildings.  However,  we  should  like  to  know  if  this  higher  tensile 
strength  was  not  secured  at  the  expense  of  the  "  working  qualities  "  of 
the  material,  the  importance  of  which  Professor  Johnson  recognizes 
when  he  says  the  iron  should  be  "readily  planed,  turned  or  diilled." 
We  know  of  iron  high  in  tensile  strength,  but  its  hardness  makes  its 
working  under  tools  exjpensive.  But  if  this  higher  tensile  strength  is 
demanded,  why  not  demand  a  corresponding  increase  in  the  cross-break- 
ing strength  of  the  material.  Ordinary  18  000  jDounds  iron  will,  on  a 
12-;nch  span,  if  1  inch  square  in  section,  just  sustain  a  center  load  of 
2  000  pounds,  which  by  the  '•  common  theory"  of  flexure,  corresponds 
to  an  extreme  fiber  stress  of  36  000  pounds.     The  formula  proposed: 

^       24  000  bh^ 
^  = 1 

demands  exactly  the  same  stress.  Cooper's  and  other  standard  bridge 
specifications,  say  a  bar  one  inch  square  must  sustain  a  center  load  of 
500  pounds  on  a  span  of  4  feet  6  inches,  and  this  by  the  "common 
theory  "  corresponds  to  a  stress  of  40  500  pounds  on  the  extreme  fibers. 
It  may  be  well  for  a  specification  to  say,  "There  shall  be  no  blow 
holes,  etc.,  either  on  the  surface  or  on  the  interior,"  but  the  latter 
would  certainly  be  difficult  to  locate,  especially  in  large  castings.  That 
"  sudden  variations  in  thickness  shall  be  avoided  "  is  a  rule  to  be  applied 
by  the  designer,  rather  than  the  manufacturer,  and  when  it  is  said  that 
angles  must  be  sharp,  we  presume  this  refers  to  exterior  angles  or  such 
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as  fix  tlie  outlines  of  tlie  casting,  for  all  other  angles,  i.  e.,  those  connect- 
ing various  parts,  are  a'ways  made  rounded  or  with  a  fillet. 

In  this  connection  the  results  of  some  tests  made  in  this  city  for  the 
Jackson  Architectural  Iron  Works,  under  the  direction  of  the  writer, 
may  be  of  interest. 

It  was  desired  to  determine  any  difference  in  strength  which  might 
exist  between  metal  poured  from  the  beginning,  middle  and  end  of  the 
same  heat.  Tiie  results  failed  to  indicate  such  a  difference,  but  the 
fractures  of  pieces  broken  in  the  same  manner  generally  presented  a 
varied  appearance.  No.  1  giving  the  coarsest  and  No.  3  the  finest  fracture. 

All  the  test  pieces  were  1  inch  square  ia  section,  cast  in  green  sand, 
from  a  wood  pattern,  and  poured  on  their  sides,  i.  e.,  not  on  end.  They 
were  simply  brushed,  to  clean  from  sand  and  the  fins  removed  on  an 
emery  wheel.  They  were  moulded  on  a  bench  in  a  "snap  flask "sa 
that  from  2  J  to  3 J  inches  of  sand  surrounded  the  metal  when  poured. 
They  remained  in  this  condition  from  ten  to  fifteen  minutes  and  were 
then  dumi^ed  from  the  flasks. 

In  charging  the  furnace,  the  fire  was  lighted  at  say  one  o'clock,  and 
the  charging  commenced  at  two.  This  was  continued  until  the  cupola 
contained  eight  tons.  The  blast  was  now  put  on  and  the  charging  con- 
tinued. In  this  way  some  twenty  tons  were  run  down  in  about  two  and 
a  half  hours.  In  firing,  shavings  and  wood  were  put  on  the  bed  of  the 
cupola,  followed  by  1  500  to  1  800  pounds  of  hard  coal,  and  then  a 
"  draft"  with  the  scraji  next  to  the  coal. 

A  "  draft"  consisted  of  1  000  pounds,  and  was  made  up  as  follows: 

300  pounds  of  Sloss  (Southern  iron). 
300  pounds  of  No.  2  X  (Thomas  iron). 
200  poiinds  of  Low  Moor  (Virginia  iron). 
200  pounds  of  good  stove  scrap. 

"When  six  "drafts"  (about  3  tons)  had  been  fed,  400  pounds  of  coke 
were  added.  The  drafts  were  continued,  with  coke  at  intervals,  so  that 
about  2  000  pounds  of  coke  were  used  to  20  tons  of  metal. 

The  following  average  analysis  of  the  pig  used  was  furnished  by  the 
manufacturers : 

SiiOss  OB  Southern  Ikon. 

Phosphorus 0.672 

Silicon 4.080 

Sulphur 0.025 

Manganese 0.239 

Combined  Carl)on 0 . 271 

Graphitif  Carbon 3 .  164 

Iron  (!)y  difference) 91.549 
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Four  samples  of  No.  2  X  Tiioma^,  all  from  the  same  cast,  gavo  an 
average  tensile  strength  of  17  160  pounds  per  square  inch,  and 

Phosphorus 0 .  733 

Silicon 1 .  646 

Sulphur 0.017 

Manganese 0.227 

Tae  tests  about  to  be  recorded  were  made  on  the  150  000  pounds 
Fairbank's  machine  in  this  city.  They  are  mainly  of  interest,  because 
a'l  the  spec'mens  were  cast  from  the  same  heat,  and  their  strength  in 
tension,  compression,  cross-breaking  and  shear  are  dire L-tly  comparable. 
Twelve  tests  were  made  in  compression,  six  on  1-ineh  cubes  and  six  on 
pieces  1x1x8  inches  long.  Six  tension  tests  were  made,  and  six  in 
cross-breaking  on  a  12-inch  span  on  pieces  1  x  1  x  16  inches  long.  Six 
tests  were  also  made  on  specimens  as  shown  in  Fig.  4,  and  two 
on  full-sized  lintels,  such  as  are  used  in  present  building  practice. 
Each  specimen  was  marked  1,  2  or  8,  showing  if  the  same  was  poured 
from  the  beginning,  middle  or  end  of  the  heat.  Since  two  specimens 
from  each  part  of  the  heat  were  made  and  tested,  a  distinctive  letter 
was  added.  Thus:  pieces  marked  1A  and  2S  were  poured  from  the 
middle  of  the  heat,  were  similar  and  should  show  similar  results.  The 
two  lintels  were  cast  separately,  but  from  the  same  mixture  and  in  the 
same  manner  as  the  smaller  specimens. 

One  Inch  Cubes. — Oompkession. 


m 

Dimensions  in 

inches 

A 

a 

Ai 

o 

before  Test. 

^ 

<o 

o  S 

■5)1 

a 

o    • 

.   O 

fl   . 

a,  m 

if  3 

4>    c* 

<: 

XI 

'3 

Length. 

Width. 

Thick- 
ness 

< 

5- 

S 

^ 

< 

P 

^ 

PM 

P 

\A 

4.156 

1.015 

1.015 

1.005 

1.020 

122  540 

.889 

12.4 

120  137 

IB 

4.156 

1.032 

1.005 

1.003 

1.008 

116  000 

.901 

12.7 

115  079 

1A 

4.219 

1.022 

1.004 

1.026 

1.030 

126  290 

.883 

13.6 

122  612 

2B 

4.219 

1.016 

1.024 

1.018 

1.042 

129  770 

.882 

13.2 

124  539 

ZA 

4.250 

1.016 

1.016 

1.016 

1.032 

125  720 

.890 

12.4 

121  822 

3B 

4.250 

1.018 

1.020 

1.015 

1.035 

131  220 

.875 

14.0 

126  783 

Average  ultimate  strength  per  square  inch=121 829  pounds. 

Average  reduction  in  length=13  per  cent. 

Average  weight  per  cubic  inch^4  ounces. 

The  specimens  were  teisted  between  steel  dies.  After  the  first  test, 
these  were  indented,  and  subsequent  specimens  did  not  get  a  good  seat 
as  marks  on  bearing  surfaces  of  the  specimens  show.  This,  however, 
did  not  seem  to  influence  the  results.  The  jjoint  of  failure  was  marked, 
the  specimens  failing  by  bulging  at  the  sides,  and  the  appearance  of 
fissures  on  the  same.  The  pressure  on  "1.^4  "  was  released  at  110  380 
pounds,  Avith  no  sign  of  failure. 
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COMPBESSION— 1  X  1  X  8  INCHES  TuOSG — PlANED  EnDS. 


Dimensions  before  Test— 

Clicking 

Yielded 

Ult.  Strength 

Mark. 

in  inches. 

Area. 

Sounds. 

Rapidly  at 

per  sq.  inch. 

lA 

1.020x1.020x8.001 

1.0404 

61630 

59  260 

IB 

1.025x1.025x8.018 

1.0506 

52  000 

55  740 

53  085 

.     2A 

1.015x1.040x8.008 

1.0556 

40  000  ? 

55  000 

52  083 

2B 

1.038x1.040  X  8.007 

1.0795 

56  000 

60  890 

56  379 

3A 

1.040x1.040x8.008 

1.0816 

50  200 

53  660 

49  639 

SB 

1.001x1.038x8  006 

1.0390 

48  000 

55  660 

53  571 

Average  ultimate  streugtli  per  square  incla  =  54  000  pounds. 

Average  length- over  radius  of  gyration  =  27. 

All  failed  by  flexure,  the  specimens  taking  the  form  of  a  reversed 
curve,  the  metal  tearing  apart  on  the  convex  sides  as  shown  on  accom- 
panying photograph,  Plate  XXXV.  This  tearing  was  always  indicated 
by  two  clicking  sounds  made  in  quick  succession.  If  we  substitute  for 
P  in  the  formula: 


l  +  a 


Jl 

J-2 


the  average  ultimate    strength    found   by   test,  we  find  /  =  110  570 
and  a  =sT-i-.     Bankine   gives    for    solid   circular  sections/  =  80  000 


and  a 


"714 

1 
'400" 


Tests  in  Tension — Specimens:  One  Inch  Square  x  16  Inches  Long. 


Ult. 

Ult.  per  sq. 

Mark. 

Section  in  inches. 

Area. 

Strength. 

inch. 

Remarks. 

lA 

1.012  X  1.009 

1.021 

19  380 

18  981 

broke  2  inches  from  end. 

IB 

1.008  X  1.016 

1.024 

18  710 

18  271 

broke  6  inches  from  end. 

2A 

1.009x1.010 

1.019 

16  "700 

16  388 

broke  2  inches  from  end. 

•iB 

1.002  X  1.008 

1.010 

16  530 

16  366 

broke  3J  inches  from  end. 

ZA 

I.OIS  X  1.013 

1.031 

16  180 

15  693 

broke  H  inches  from  end. 

2B 

1.007x1.010 

1.017 

17  070 

16  785 

broke    '{  inches  from  end. 

These  tests  give  an  average  ultimate  strength  of  17  081  pounds  per 
square  inch.  No.  lA  when  tested  a  second  time  gave  15  500  pounds,  break- 
ing li  inches  from  the  other  end;  when  tested  a  thu'd  time  it  gave  15  400 
pounds,  breaking  2^  inches  from  same  end.  No.  2A  when  first  tested  gave 
only  10  480  pounds,  breaking  3}  inches  from  end  and  developing  a  flaw 
coveiing  say  25  per  cent,  of  the  section.  A  second  test  gave  the  value 
shown  in  the  table.  No.  2B  when  tested  a  second  time  gave  17  820 
pounds,   breaking  2  inches  from  first  fracture.     No.   3.4  developed  a 


y, 
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o 
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CM 
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sliglit  flaw  neax  one  face.  No.  SB  when  tested  a  second  time  gave  14  770 
pounds,  breaking  3|  inches  from  first  fracture.  When  tested  a  third 
time  it  gave  13  870  poixnds,  breaking  2J  inches  from  the  other  end.  It 
might  be  expected  that  the  first  pull  would  develoj)  the  weakest  section, 
but  the  record  shows  that  the  second  and  third  tests  generally  gave  a 
lower  value  than  the  first.  The  testing  machine  was  provided  with 
large  hemispherical  heads,  intended  to  eliminate  bending  and  prodiiee  a 
direct  pull.  Unfortunately,  no  devices  of  sufficient  delicacy  were  on  hand 
to  take  measurements  that  would  permit  the  calculation  of  the  modulus 
and  the  limit  of  elasticity.  To  the  eye  the  elongations  were  inap- 
preciable. Some  years  ago  the  writer  tested  (on  a  40  000  pounds  Biehl^ 
machine)  specimens  similar  to  the  above.  They  were  cast  by  a  Trenton, 
N.  J.,  foundry,  the  material  being  intended  for  the  mechanism  of  a 
draw-bridge.  Three  pieces  from  the  same  cast  gave  respectively  16  000, 
17  800  and  19  700  pounds  per  square  inch.  Another  piece  from  a 
different  cast  gave  14  000  on  first  pull  and  10  000  pounds  Avhen  tested 
a  second  time.  This  specimen  broke  near  the  clamps  and  bending  may 
have  taken  place.  Both  fractures  were  finely  granular  and  withoiit 
flaws.  While  nearly  all  the  specimens  broke  near  the  clamps  it  is  not 
believed  that  the  pressure  exerted  by  the  latter  influenced  the  results. 

Transverse    Tests   on    Pieces   1  inch    square    by  16   inches   liONO, 
Center  Load  on  12-inch  Span. 


Section 

Deflection 

Ultimate 

Modulus 

Mark. 

in 

Area. 

at 

Strength  in 

of 

inches. 

Rupture. 

pounds. 

Rupture. 

lA 

1.010x1.018 

1.028 

2  000 

34  000 

IB 

1.014x1.015 

1.029 

.120 

180U 

30  700 

2A 

1.009x1.011 

1.020 

.100 

1  800 

31210 

.2B 

1.005x1.  COS 

1.010 

.... 

1  800 

31770 

3A 

1.016  X  1.012 

1.038 

.100 

1850 

30  833 

ZB 

1.009  X  1.015 

1.024 

.... 

1  700 

30  000 

These  tests  show  an  average  ultimate  strength  of  1  825  pounds  and 
an  average  modulus  of  rupture  of  31  400  pounds.  The  deflections 
under  load  were  recorded  as  follows  : 


Load  in  pounds. 

\A 

\B 

1A 

B 

ZA 

3S 

500 

.045 

.016 

.037 

.030 

.025 

1000 

.075 

.046 

.063 

.058 

.050 

1200 

.085 

.053 

.077 

.068 

.065 

1500 

.098 

.075 

.096 

.085 

.080 

1700 

.104 

.080 

.100 

.096 

Broke. 

1800 

.120 

.100 

.100 

.... 

1850 

.... 

Broke. 

.... 
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These  deflections  are  not  always  directly  ijroportional  to  the  load, 
No.  3^,  however,  approximates  to  this  law.  They  also  indicate  the 
well  known  fact  that  the  modulus  of  elasticity  in  cast-iron  decreases 
rapidly  with  increase  of  load.  All  the  loads  were  apj)lied  by  means  of 
a  block,  rounded  at  the  pressing  edge  by  an  arc  of  a  circle  i  inches  in 
diameter. 


Fig.  4. 


Sheak  Specimens  as  per  Sketch,  Fig.  4. 


Mark. 

Section. 

Length  of 

Contact 

in  inches. 

Clicking 
Sounds. 

Ultimate 
Strength. 

Remarks. 

1^ 
IB 
2A 
IB 
ZA 
3JS 

1.015  X  1.026 
1.028  X  1.010 
1.011  X  1.025 
1.090  X  1.036 
1.010  X  1.026 
1.005  X  1.035 

.5275 
.5175 
.5300 
.5100 
.5150 
.5050 

3'2'66o 
34  000 

43  830 
41220 
47  680 
47  400 
41250 
39  680 

Flaw. 

Broke  into  four  pieces. 

These  tests  show  an  average  ultimate  strength  of  43  520  pounds. 
The  clicking  sounds  were  produced  by  the  tearing  of  the  metal  on  the 
under  side  of  the  piece  pressed,  and  on  the  upper  surfaces  of  the  sup- 
porting j)ieces  as  indicated  in  the  sketch.  The  sounds  were  not  noted 
in  each  case,  but  the  cracks  appear  on  all  the  specimens.  The  tests  are 
termed  "shear"  tests  for  Avant  of  a  better  name,  but  are  of  interest 
because  they  show  that  the  piece  pressed  acted  as  a  fixed  beam  which 
failed  by  rupture  on  its  under  side  and  at  the  points  of  support,  and 
only  after  this  did  shearing  take  place.  After  failure  the  first  three 
specimens  showed  that  true  shear  had  taken  place  along  both  sur- 
faces of  contact.  The  last  three  showed  only  one  sheared  surface,  the 
other  having  attached  to  it  an  irregular  piece  broken  from  one  of  the 
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supporting  pieces.  The  first  three  were  without  flaw,  2JB  had  a  marked 
flaw,  and  Nos.  3  J.  and  3B  a  flaw  barely  visible.  The  latter  broke  into 
four  j)ieces.  It  would  seem,  then,  that  in  a  column  where  a  part  of  the 
load  is  applied  by  meaus  of  brackets  (as  is  usual  in  case  of  house  work), 
failure  would  take  place,  by  tearing  the  bracket  boili'y  from  the  column 
and  not  by  shear.  This  would  suggest  the  use  of  cro^s-webs  within  the* 
column  at  the  brackets,  when  the  loads  carried  by  the  latter  form  a  large 
proportion  of  the  total  load. 

There  remains  to  be  recorded  the  test  of  two  lintels   intended  to 
span  openings  in  the  walls  of  buddings,  and  made  in  the  usual  manner. 


GEiTBRAii  Data. 


Lintel  "  A.' 


Weight 306  pounds. 

Length 6  feet  3J  inches. 

Width  of  bed 12  Inches. 

Center  depth 12  inches . 

Depth  at  ends i  inches - 

Average  thickness  of  flange .  J|  inches. 
Average  thickness  of  web ...     J  inches. 

Clear  span 5  feet  6  inches. 

Ultimate  strength 98  450  pounds. 

Moment  of  inertia 262 . 5. 

Distance  of  neutral  axis  from 

base 3.34  inches. 


Lintel  "  B." 


Weight 275^  pounds. 

Length 7  feet  4  inches. 

Width  of  bed 12  inches. 

Center  depth 8  inches. 

Depth  at  ends 4  inches. 

Average  thickness  of  flange.     §  inches. 
Average  thickness  of  web ...     {  inches. 

Clear  span 6  feet. 

Ultimate  strength 43  030  pounds. 

Moment  of  inertia 76. 

Distance  of  neutral  axis  from 
base 2  inches. 


I 


Both  liutels  were  sulijected  to  a  center  load.  Wlie.i  81  700  pounds 
had  been  ai)plied  to  lintel  "A,"  its  deflsction  was  approximately  f 
inches.  Upon  releasing  the  load  an  apjjroximate  set  of  J  inches  was 
found.  The  uncertainty  of  manner  and  point  of  failure  made  it  difficult 
and  dangerous  to  take  accurate  observations.  It  failed  under  a  load  of 
98  4:50  j)Ounds,  the  web  yielding  sideways,  a  triangular  jsiece  finally 
crushing  out,  as  shown  in  photograph  Plate  XXXVI.  By  the  "  common 
theory"  the  tension  in  the  extreme  fibers  at  rupture  was  20  700  and  the  com- 
j)ression  52  400  pounds.  If  the  modulus  of  rupture  (31 400  pounds)  found 
in  the  case  of  the  inch  square  specimens  is  used  the  center-breaking  load 
of  this  lintel  should  be  150  000  i:)Ouuds.  While  this  comparison  is 
unfair,  since  the  modulus  varies  with  the  cross-section  and  span,  it  is 
plain  that  the  lintel  could  have  sustained  a  greater  load  if  the  web  had 
been  stiffened  sideways.  In  case  of  a  building  such  stiffness  would  have 
been  afforded  by  the  surrounding  brickwork.  The  fractured  section 
was  without  flaw. 

Lintel  "  B,  "  tested  on  a  span  of  s"x  feet,  broke  at  43  030  pounds. 
The  tension  at  failure  was  therefore  20  400  pounds  and  the  compression 
61  100  pounds.  If  31  400  pounds  is  taken  as  the  modulus  of  rupture,  it 
should  have  sustained  66  300  pounds.  In  this  case  failure  took  place 
by  tearing  of  the  lower  flange,  the  web  having  been  stiffened  by  tri- 
angular brackets.  The  fracture  showed  two  cinder  spots  starting  from 
the  lower  edge  of  the  flange.  This  reduced  the  effective  section  by  from 
i  to  -I  of  a  square  inch.     The  loss  in  strength,  however,  was  probably 
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greater  tlian  the  loss  in  section.  Lintel  "A"  broke  in  the  center,  its- 
load  being  applied  practically  at  one  point.  Lintel  "B  "  broke  at  the 
flaws  about  6  inches  from  the  center,  its  load  being  distributed  over  the 
Aveb  for  a  length  of  abont  8  inches. 

All  the  various  specimens  tested  gave  fine  grained  fractures  remark- 
ably free  from  flaws.  The  latter,  therefore,  except  in  the  case  of  lintel 
"B,"  did  not  influence  the  results.  They  were  readily  nicked  at  the 
edges  by  a  hammer,  or  by  striking  one  upon  the  other. 

Deductions  from  tests  on  small  specimens  can  only  be  aiDproximate 
because  of  the  comparatively  greater  influence  on  small  castings  of 
defects,  errors  of  observation  and  measurement,  and  the  coarser  grain 
and  poorer  workmanship  found  in  large  castings. 

Louis  De  Coppet  Bekg,  Assoc.  Am.  Soc.  C.  E. — I  trust  it  may  not 
seem  presum^Dtuous  for  an  architect  to  speak  on  this  subject,  fori  think 
it  will  be  admitted  that,  if  we  leave  out  of  the  question  the  considera- 
tion of  car  wheels,  what  with  machinery  foundations,  lintels  and  col- 
umns, an  architect  uses  cast-iron  quite  as  frequently  as  does  the 
engineer. 

Now,  I  sympathize  with  any  one  attempting  to  ameliorate  anything, 
but,  from  my  exi^eiience  with  contractors,  I  think  Mi'.  Johnson  will 
first  have  to  change  human  nature  before  we  can  indiscriminately 
sisecify  his  superior  cast-iron. 

To  use  his  si^ecification  would  necessitate  careful  tests  or  inspection 
at  the  foundry.  This  we  cannot  afi'ord  out  of  the  meager  commissions 
paid  us  by  clients;  and  were  we  to  call  upon  them  to  bear  these  extra 
burdens,  I  fear  they  would  ol)ject  to  paying  for  tests  or  inspections, 
which  they  would  consider  in  the  interests  of  science  rather  than  in 
their  own. 

You  must  remember  that,  while  a  railroad  company  is  a  constant 
user  or  customer,  a  man  who  builds  a  house  generally  builds  but  one, 
and  then  retires  from  such  operations  a  wiser  and,  perchance,  a  sadder 
man. 

It  is  my  rule,  therefore,  to  call  for  only  such  quality  as  I  am  sure  to 
get  from  almost  any  one,  i.  e.,  to  call  for  only  the  ordinary  shop  or 
foundry  practice;  and,  where  great  reliability  is  desired,  to  use  addi- 
tional material. 

Accordingly,  in  cast-iron  I  am  satisfied  with  15  000  pounds  in  ten- 
sion and  90  000  pounds  in  comjiression  (for  short  blocks)  per  square  inch. 
Any  ordinary  iron  will  surely  give  this. 

Por  beams  or  lintels  I  proportion  the  cross-sections,  so  that  th» 
center  of  gravity  is  at  one-seventh  of  the  height  from  the  base,  and 
then  calculate  the  moment  of  resistance  for  the  part  below  the  neutral 
axis  with  an  extreme  fiber  strain  of  15  000  pounds,  or  the  part  above 
with  an  extreme  fiber  strain  of  90  000  pounds.  Either  result  is  the 
same,  the  one  calculation  being  a  check  on  the  other. 


> 

X 

H 


o 

I— ( 

H 

CO 

< 

O 
H 
ti 


00 


X 


W-f-WiLJt^W..  .^i-^ui/.-- 


DISCUSSION   ON"   CAST-IRON.  129 

In  this  couneet-on  it  has  occurred  to  me  that  what  Professor  Johnson 
(on  page  99)  calls  the  "fir.st  error  in  the  common  theory  of  croBS- 
bending,"  viz.,  the  fact  that  the  cross  sections  of  his  bars,  which  are 
plane  before  bending,  are  no  longer  jjlane  after  being  bent  in  his  experi- 
ments, may  be  accounted  for  by  his  use  of  rectangular  sections  for  cross- 
breaking  in  cast-iron,  instead  of  proportioning  the  section  so  that  the 
neutral  axis  -will  be  located  at  a  distance  from  the  extreme  fibers  approx- 
imately proportionate  to  their  respective  resistances  to  tension  and 
compression.  It  seems  to  me  that  it  would  be  well  to  make  careful 
cross-breaking  tests  on  such  jiroiDortioned  sections  before  condemning 
the  common  theory  of  cross-bending. 

I  do  not  like  to  use  a  modulus  of  rupture  for  cast-iron,  particularly 
one  so  high  as  36  000  pounds,  on  which  Mr.  Johnson's  formula  is  based; 
for  that,  with  a  section  uniform  above  and  below  the  neutral  axis,  would 
be  placing  cast-iron  on  a  par  with  our  calculations  of  wrought-iron  beams. 
Again,  Mr.  Johnson's  formula  makes  no  allowance  for  thickness  of  cast- 
ing, which,  as  we  all  knoAv,  very  materiaUy  affects  the  results.  I  would 
suggest  that  the  specification  should  have  these  clauses  added: 

"  All  hollow  castings  to  be  bored  on  four  sides  in  the  same  plane 
(approximately)  at  about  half  the  length,  to  ascertain  the  uniformity  of 
thickness,"  and 

"  All  sudden  changes  in  direction  to  be  made  by  rounded  comerB, 
and  not  by  sharp  angles. " 

Tests  other  than  the  hammer  test  are  of  little  value,  unless  the  test 
metal  is  taken  from  the  same  melting,  and  is  generally  of  the  same  size, 
and  particularly  of  the  same  thickness  as  the  casting.  The  resilience 
test  may  answer  theoretically,  but  its  practical  value  I  doubt  very  much. 
We  should  have  to  educate  our  foundry  men  to  a  very  much  higher 
pitch,  and  I  fear  that  many  of  our  most  eminent  architects  might  also 
require  considerable  brushing  up  to  comprehend  it. 

In  looking  up  the  Watertown  Arsenal  tests  on  gun  iron,  which,  I  take 
it,  rej^resent  the  most  careful  castings  possible,  I  find  that  all  our  work 
would  have  to  be  at  least  equal  to  them  if  these  specifications  are  to 
prevail. 

Nor  do  I  find  any  such  discrepancies  between  dressed  and  undressed 
iron,  as  Mr.  Johnson  gives.  The  statement  in  the  report  to  the  Govern- 
ment, in  1885 — that  the  slight  gain  in  strength  of  dressed  cast-iron  is 
presumably  diie  to  the  "  removal  of  defective  surface  metal,"  is  prob- 
ably the  true  solution  of  the  apparently  greater  strength  of  dresf  ed  cast- 
iron;  but  we  mu^t  remember  that  if  the  skin  does  not  add  to  the 
strength,  it  adds  to  a  more  important  quality,  viz. ,  the  durability  of  iron 
by  protecting  it  from  rust. 

J.  B.  Johnson,  M.  Am.  Soc.  C.  E. — There  are  two  subjects  treated 
in  my  paper  which  are  both  new  and  important.  On  neither  of  these 
has  there  been  offered  any  disciission.     They  are  :  A  rational  explana- 
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tion  of  tlie  diserepancv  between  tlie  tensile  and  cross-breal^ing  moduli 
of  cast-iron,  and  the  extreme  importance  of  and  the  simple  rule  for  find- 
ing the  resilience  of  cast-iron. 

There  has  never  been  offered,  so  far  as  I  am  aware,  anything 
approaching  a  rational,  sufficient,  and  consistent  explanation  of  the  high 
cross-breaking  modulus  of  cast-iron,  neither  has  the  subject  of  the 
resilience  of  cast-iron  ever  received  due  considerat'on  at  the  hands  of 
engineers. 

The  former  subject  should  certainly  be  of  interest  to  scientific  men, 
and  the  latter  is  of  extreme  importance  to  all  users  of  cast-iron  where  it 
is  sub;;ect  to  shocks  or  blows. 

I  believe  cast-iron,  which  has  been  driven  out  in  disgrace  from  nearly 
the  whole  engineering  fie-d,  is  destined  to  return  to  the  scenes  of  its  first 
conquests  in  high  honor  and  Avith  marked  eflects. 

If  engineers  Avould  learn  to  test  cast-iron  for  those  qualities  requ^ired 
of  it  in  structures,  and  if  manufacturers  would  learn  to  obtain  these 
qualit'es  in  a  high  degree,  which  I  am  sure  can  be  done  without  appreci- 
ably increasing  the  cost  of  j)roduction,  then  the  time  will  have  arrived 
for  returning  to  cast-iron  for  a  multitude  of  jiurposes  where  wrought- 
iron  or  mild  steel  only  is  now  uj-ed.  Even  in  car  wheels,  Avhere  the 
service  demanded  is  purely  a  question  of  resilience,  such  tests  are  made 
only  on  the  wheels  themselves  and  not  on  the  metal  composing  them. 
But  these  tests  on  the  wheels  are  imiDact  tests,  by  a  siiccession  of  blows, 
which  I  have  shown  is  not,  and  cannot  be,  a  true  test  of  the  character 
of  the  material  or  of  the  wheel  itself. 

I  have  not  only  shown  the  importance  of  the  subject  of  resilience, 
but  have  indicated,  by  an  exceedingly  simple  rule,  how  it  can  be 
obtained.  The  apj^aratus  for  making  this  test  is  also  very  inexpensive 
and  every  foundry  should  have  one. 

When  cast-iron  is  made  and  tested  with  intelligence,  I  believe  there 
is  no  good  reason  why  the  suj^erior  grades  may  not  be  used  for  all  kinds 
of  structural  purposes  in  the  parts  which  act  as  comjiression  members. 

The  old  English  cast-irons,  tests  on  whirh  form  the  basis  of  all  our 
tables,  were  very  weak  and  brittle.  Their  resilience  was  not  more  than 
about  one-tenth  as  much  as  is  now  obtainable  anywhere  in  this  country, 
or  there,  either,  at  this  time.  It  was  the  very  poor  quality  of  this  metal 
which  has  brought  cast-iron  into  disrepiite.  Had  it  not  been  for  the 
architects,  cast-iron  Avould  to-day  be  almost  entirely  excluded  from 
structural  service.  To  their  credit  it  must  be  said  they  have  not 
deserted  the:r  best  friend,  because  he  had  obtained  a  bad  name  among 
the  engineers.  An  engineer  would  to-day  lose  caste  and  be  disgraced  if 
he  proposed  to  use  cast-iron  in  a  structure  for  any  purpose  outside  of 
washers  and  bed-plates.     This  will  not  long  remain  so. 

Referring  to  the  discussion  l)y  Mr.  Just,  I  can  say  that  a  tensile 
strength  up  to  30  000  pounds  per  square  inch  may  be  obtained  without 
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any  sacrifice  iu  working  qualities.     The  addition  of  silica  to  the  iron 
softens  it  and  increases  its  resilience. 

The  formula  given  in  the  proposed  specifications  for  cross-breaking 
is  a  minimum  value  and  will  corresjoond  to  a  tensile  strength  of  about 
20  000  pounds.  There  is  no  fixed  relation  between  the  tensile  and 
cross-breaking  moduli,  even  in  solid  sections  of  the  same  dimensions  ;  * 
much  depends  on  the  amount  of  internal  strain  left  in  the  casting,  and 
this  in  turn  depends  on  the  amount  of  shrinkage  the  iron  undergoes  in 
cooling.  The  relative  values  of  these  moduli  also  depend  on  the 
amount  of  distortion  the  iron  takes  before  rupture. 

Concerning  Mr.  Just's  tests  in  compression,  I  would  say  his  test 
specimens  were  both  too  short  and  too  long  to -give  true  compressive 
strength. 

All  tests  in  compression  should  be  on  specimens  whose  height  or 
length  is  twice  their  least  lateral  dimensions. 

Theory  shows  that  Avhen  friction  is  neglected  the  planes  of  fracture 
have  an  angle  of  45  degrees  with  the  direction  of  the  force  in  direct 
crushing.  It  may  be  shown,  however,  that,  calling  0  the  angle  of 
repose  or  the  angle  whose  tangent  is  the  co-efficient  of  friction,  the 
plane  of  rupture  should  have  an  angle  of  45  degrees  -f  i  0  with  the 
plane  of  the  bed.  This  will  usually  give  to  this  plane  an  angle  of  about 
63  per  cent,  for  stone  or  brick,  and  of  60  per  cent,  for  cast-ii'on  when 
meisured  from  the  plane  of  the  cross-section.  It  follows  from  this  that 
a  test  specimen  should  be  about  twice  as  high  as  it  is  wide  to  allow  the 
shearing  forces  which  cause  rupture  to  act  along  their  normal  planes. 
This  is  also  a  subject  which  I  have  never  seen  properly  stated.  It  is 
time  engineers  ceased  to  use  formulas  and  conclusions  which  are  true 
only  when  friction  is  neglected — when  they  know  that  friction  is  one  of 
the  principal  resistances  which  it  is  their  business  to  contend  with. 

If  there  were  any  authority  competent  to  decide  questions  pertaining 
to  standard  tests  of  engineering  materials,  one  of  their  first  acts  should 
be  to  prescribe  that  all  compressive  tests  should  be  made  on  specimens 
having  a  height  of  twice  the  least  lateral  dimension. 

Anything  longer  than  this  is  a  column,  and  anything  shorter  gives  a 
deceptive  show  of  strength  always  greater  than  the  real  strength. 

Mr.  Just's  tension  tests  were  evidently  made  on  cast-iron  bars  in 
the  rough.  Although  the  Fairbanks  machine  is  provided  with  universal 
joints  for  its  grips,  still  the  friction  of  these  when  pulling  hard  is  suffi- 
cient to  prevent  a  perfect  alignment.  It  is  said  by  bridge  engineers 
that  there  is  never  any  slipping  of  eye-bars  on  pins  when  the  bridge  is 
deflected  by  a  load,  and  that  the  joint  acts  exactly  as  it  would  if  the 
members  were  riveted  together.  If  the  bar  is  warped,  therefore,  or  out 
of  line  when  put  into  the  machine,  there  will  remain  a  large  binding 
moment  on  it  unless  the  grips  swing  freely  as  on  knife  edges. 

This  moment  will  be  greatest   near  the  grips,    and  this  probably 
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explains  Tvliy  these  test  bars  all  broke  near  the  grips.  These  bars 
"wonld  probably  have  shown  a  much  higher  strength  if  they  had  been 
turned  down.  Cast-iron  specimens  should  always  be  turned  at  the 
grijjped  ends  at  least,  and  if  it  is  desired  to  test  with  the  skin  on,  then 
the  specimen  must  be  east  larger  at  the  ends  to  allow  for  dressing  down, 
and  still  remain  larger  than  the  body  of  the  bar. 

The  transverse  tests  are  probably  correct,  except  that  the  deflections 
were  not  measured  very  accurately,  as  is  shown  by  platting  the 
observations. 

The  average  resilience  of  these  bars  in  cross-breaking,  as  computed 
by  my  new  rule,  is  44  inch-pounds  per  pound  of  iron.  Since  this  value 
varies  from  ten  to  seventy,  we  see  that  the  iron  is  of  a  high  grade  for 
architectural  iron,  notwithstanding  its  strength  seems  low. 

A  shearing  test  is  very  difficult  to  make  on  any  material.  It  is 
impossible  to  have  shear  acting  over  a  finite  length  without  a  corre- 
sj^onding  bending  moment.  But  if  it  is  so  difficult  to  make  a  test  for 
shear,  when  the  experiment  is  aiTanged  expressly  for  this  purpose,  we 
can  readily  see  that  in  actual  i^ractice  a  failure  from  simple  shear  prob- 
ably never  occurs.  Shearing  strength  is  therefore  of  no  consequence  in 
any  of  the  metals.  It  is  very  important  in  timber,  because  this  strength 
is  only  about  one-tenth  to  one-twentieth  of  the  strength  in  other  ways. 
But  when  the  strength  aiaproximates  closely  to  the  tensile  and  compres- 
sive strength,  as  it  does  in  metals,  failure  never  occurs  from  shear,  and 
hence  we  need  make  no  examination  of  the  shearing  strength. 

Mr.  Just's  suggestion  to  strengthen  cast-iron  brackets  in  columns  by 
providing  interior  webs  is  a  good  one,  but  difficult  of  execution.  I 
think  a  better  provision  would  be  to  use  outside  lateral  webs,  reaching 
both  above  and  below  the  bracket. 

Referring  to  the  remarks  by  Mr.  Berg,  I  would  say  that  it  is  hardly 
worth  while  to  specify  anything  concerning  the  character  of  the  iron  in 
architectural  work  if  no  effort  is  to  be  made  to  learn  whether  or  not  the 
specifications  have  been  complied  with.  He  could  also  be  able  to  con- 
vince his  employer,  doubtless,  that  it  would  be  cheaper  to  pay  a 
hundred  dollars  for  inspection  to  insure  obtaining  20  000  pounds  iroa 
and  buy  only  two-thirds  as  much  of  it,  than  to  calculate  on  getting 
15  000  pounds  iron  and.  design  accordingly.  In  fact,  no  intelligent 
designing  can  be  done  without  tests  to  determine  the  strength  of  the 
material  used.  Good  engineering  as  well  as  good  architecture  means 
a  sufficient  degree  of  safety  with  the  greatest  degree  of  economy.  When 
economy  is  left  out  of  account  it  ceases  to  be  professional  work,  and 
becomes  merely  a  mechanical  product. 

My  specifications  may  not  apply  to  all  parts  of  the  country.  That 
they  are  not  too  high  for  the  St.  Louis  practice  I  am  satisfied.  It  may  be 
that  we  are  more  fortunate  than  other  regions.  But  the  more  recent  re- 
ported tests  of  "  ordinary  foundry  "  iron  in  England  show  so  much  greater 
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strength  and  resilience  than  the  older  tests  that  I  concluded  foundiy-men 
had  learned  something,  and  that  this  imjprovement  was  probably  gen- 
eral. If  the  New  York  practice  is  behind  the  rest  of  the  world  in  this 
particular,  the  sooner  the  engineers  and  architects  of  that  city  begin  to 
specify  better  results  the  sooner  they  are  likely  to  get  them.  Of  the 
hundreds  of  tests  of  cast-iron  I  have  made  in  St.  Loxiis,  I  think  I  have 
never  had  a  test  as  low  as  16  000  j)Ounds,  excej)t  where  there  was  a 
great  flaw  or  fault  of  some  kind.  These  tests  have  covered  the  whole 
range  of  ordinary  foundry  practice. 

Mr.  Berg  thinks  I  should  not  question  the  ordinary  theory  of  cross- 
bending,  provided  it  should  be  found  to  apply  to  a  given  kind  of  cross- 
section,  such  as  he  claims  to  use.  Now  I  am  at  liberty  to  question  this 
ordinary  theory  if  it  fafls  to  apply  to  any  cross-section.  It  does  in  fact 
fail  in  every  cross-section.  With  rectangular  sections  it  fails  by  100  per 
cent.  That  is,  the  real  strength  is  about  twice  the  computed  strength 
by  the  ordinary  theory.  For  web  and  flange  sections  it  much  more 
nearly  applies,  but  never  very  rigidly. 

Again,  he  feels  that  he  has  offered  a  legitimate  objection  to  my  pro- 
posed formula  by  saying  it  "  wouM  be  placing  cast-iron  on  a  par  with 
our  calculations  of  wrought-iron  beams." 

Now,  if  the  tests  show  that  good  cast-iron  beams  are  on  a  par  with 
wrought-iron  ones,  up  to  the  elastic  limit  of  the  latter,  which  is  really 
failure  for  all  structural  purposes,  then  he  should  not  criticise  me  or  my 
formtila,  but  should  deny  or  object  to  the  facts  themselves. 

Mr.  Berg's  rule  for  proportioning  cast-iron  beams  is  a  correct  one  in 
theory,  but  if  he  carries  it  out  in  practice  he  must  needs  insert  several 
cross-braces  to  his  slender  web  to  prevent  its  buckling,  as  Mr.  Just's 
experiment  showed  it  is  inclined  to  do.  In  this  experiment  the  extreme 
compressive  fiber  was  less  than  three  times  as  far  from  the  neutral  axis 
as  the  extreme  tens  on  fiber,  whereas  Mr.  Berg  puts  his  six  times  as  far 
away.  His  beam  would  therefore  be  immensely  more  likely  to  buck'e 
than  that  of  Mr.  Just,  which  did  fail  in  that  way,  and  that  very  much 
below  its  computed  strength. 

There  is  no  question  but  this  matter  of  lateral  stability  of  deep 
central  webs  in  lintel  plates  has  been  commonly  overlooked.  The 
brickwork  would  probably  not  hold  it  up  to  its  work  to  the  breaking 
point. 

My  discussions  and  rules  for  resilience  have  no  application  to  archi- 
tectural work.     Here  static  strength  alone  needs  to  be  considered. 

Mr.  Berg  thinks  my  cross-break  ng  requirement  is  too  high,  and 
"  equal  to  the  Watertown  Arsenal  tests  for  gun  metal."  In  this  he  is 
mistaken.  These  tests  show  a  cross-breaking  modulus  as  high  as 
75  000  pounds,  and  a  tensile  strength  of  over  30  000  pounds.  I  have 
said  that  a  cross-breaking  modulus  of  36  000  and  a  tensile  strength  of 
20  000  should  be  required.     That  the  Watertown  tests  do  not  show  a 
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greater  increase  of  strength  when  the  skiu  is  removed  proves  simply 
that  the  unequal  shrinkage  and  consequent  internal  strain  was  small  in 
these  test  sjiecimens,  which  we  know  must  be  the  case  in  metal  cast  in 
heavy  masses  and  subjected  to  great  shocks. 

Mr.  Cooper's  specification  for  cast-iron  in  cross-breaking  is  nearly  12 
per  cent,  higher  than  mine,  but  from  my  rather  extended  experience  I 
think  this  is  too  high  for  ordinary  good  foundry  iron.  If  extra  strong 
iron  is  required,  then  as  high  a  cross-breaking  modulus  as  45  000  may 
be  safely  prescribed. 
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THE  IMPROVEMENT   OF  RAILWAY  AND  STREET 

RAILWAY  TRACK. 


By  E.  E.  RussEiiL  Tratman. 

At  the  Convention  of  the  Society  in  1888,  I  had  the  pleasure  of  pre- 
senting a  paper  on  "English Railway  Track"  [Transactions,  June,  1888), 
in  which,  after  drawing  comparisons  between  the  American  and  the 
English  systems  of  railway  track,  I  exjDressed  my  ojiiuion  as  in  favor  of 
the  American  system,  and  gave  the  reasons  for  this  opinion.  In  the  dis- 
cussion of  that  paper  I  modified  the  statement  by  saying  that  it  was 
the  American  type  of  track  as  it  should  be,  and  not  the  actual  American 
track  as  it  too  often  exists  in  practice,  to  which  I  referred  in  advancing 
the  ojjinion  above  mentioned,  which  opinion  has  since  been  considerably 
strengthened. 

Some  investigations  as  to  the  difference  between  the  track  as  it  is 
and  the  track  as  it  should  be,  showed  that  there  was  a  steady,  if  slow, 
tide  of  improvement,  and  it  therefore  occurred  to  me  that  some  notes 
on  the  subject  set  forth  in  the  title  of  this  i^aper  might  be  interesting  to 
the  Society  as  showing  the  general  tendency  towards  a  better  standard 
of  efficiency  in  track  and  track  equipment,  and  showing  also  the  advan- 
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tages  following  upon  this  tendency.  It  is  also  hoped  that  by  describing 
and  suggesting  different  improvements,  this  paper  may  be  of  some  ser- 
vice in  arousing  interest  in  this  matter  and  so  helping  towards  further 
improvements  in  this  important  direction,  improvements  which  would 
benefit  the  railway  companies  and  the  public,  and  tend  to  advance  the 
already  high  status  of  American  railway  engineering. 

In  preparing  the  iiaper  I  had  in  view  the  purpose  of  opening  a  dis- 
cussion on  the  subject,  as  experiments  with  new  devices  and  improved 
methods  in  various  matters  relating  to  trae-k  are  all  the  time  being  made 
by  railway  engineers,  superintendents,  road-masters  and  others  in  differ- 
ent parts  of  the  country,  but  the  particulars  are  often  not  known  to  others 
interested  who  may  be  working,  or  trying  to  work,  in  the  same  line. 

In  this  connection  I  would  call  attention  to  the  advantages  to  be 
derived  from  the  meetings,  discussions  and  publications  of  the  several 
associations  of  i^ractical  railway  men,  as  actual  service  only  can  test  any 
improvements  in  railway  track,  and  it  is  the  men  who  have  experience 
with  these  imi^rovements  who  can  give  the  most  valuable  information 
respecting  the  results.  Persons  taking  an  active  interest  in  these  matters 
should  study  the  technical  papers  and  the  publications  of  the  engineer- 
ing and  railway  associations.  It  is  also  a  good  plan  to  procure  manufac- 
turers' circulars  and  catalogues,  as  they  often  contain  much  useful  and 
interesting  information,  esi^ecially  in  regard  to  new  devices. 

In  a  brief  paper  on  "The  Imi^rovement  of  Railway  Track,"  read 
before  the  American  Society  of  Railway  Superintendents,  in  Ajiril,  1889, 
I  took  the  opportunity  of  suggesting  that  one  of  its  committees  should 
be  directed  to  consider  and  report  upon  the  following  matters: 

First. — The  merits  of  different  forms  of  rail  sections,  and  the  adojj- 
tion  of  standard  sections  from  50  to  110  pounds  per  yard,  with  a  recom- 
mendation for  the  introduction  of  heavy  rails. 

Second. — The  merits  of  different  methods  of  securing  rails  to  ties,  and 
the  recommendation  of  some  method  as  an  improvement  on  the  now 
universal  method  of  spiking,  especially  for  heavy  rails. 

Third. — The  merits  of  different  rail-joint  fastenings,  and  the  recom- 
mendation of  a  standard  joint  fastening,  with  due  consideration  of  the 
recommended  standard  tie  fastening. 

Fourth. — The  question  of  the  advantages  of  steel  ties  for  main  lines 
with  heavy  traffic,  and  for  prairie  lines,  with  the  desirability  of  making 
any  recommendations  on  this  point.  Also  the  consideration  of  the  use 
of  metal  tie-plates  on  Avooden  ties. 

Fifth. — The  equipment  of  railways  with  such  safety  appliances  as  the 
block  system,  comj)lete  systems  of  semaphore  signals,  interlocking  appa- 
ratus, frogless  and  safety  switches,  re-railing  guards,  the  use  of  .various 
electric  and  automatic  signals,  etc. 
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General  Remarks, 

I  have  already  said  that  many  imijrovements  are  being  made,  but  on 
the  whole  the  progress  of  the  improvement  of  the  track  is  far  behind 
that  of  the  motive  power  and  rolling  stock  equipment.  The  size,. 
power  and  weight  of  the  locomotives,  and  the  size,  weight  and  capacity 
of  the  cars  have  been  increased  enormously;  the  fitting  and  furnishing 
of  passenger  rolling  stock  has  been  brought  to  a  high  degree  of  elegance 
and  convenience,  while  at  the  same  time  safety  appliances  have  been 
very  extensively  introduced,  so  that  passengers  may  ride  in  comfort 
and  safety,  as  far  as  the  trains  themselves  are  concerned.  The 
improved  construction  of  the  engines  and  cars  is  an  economy  for  the 
railway  companies,  and  economy  also  results  from  the  introduction  of 
automatic  couplers,  continuous  brakes,  safety  heating  and  lighting 
apparatus,  and  other  modern  imj^rovements.  The  increase  in  the  weight 
of  the  roUing  stock  is  usually  carried  on  with  litt'e  regard  to  the  capa- 
bility of  the  track  to  safely  carry  these  weights,  as  the  roUmg  stock 
and  track  departments  are  usually  quite  ind3pendeut  of  each  other. 
■Considering  the  important  relations  between  the  two,  however,  it 
certainly  seems  that  some  measures  should,  be  taken  to  insure  a 
conference  between  the  departments  when  any  extra  weight  or  work 
is  to  be  put  upon  the  track,  so  that  the  latter  may,  as  far  as  possible, 
be  put  in  condition  to  sustain  it. 

The  track,  however,  is  very  generally  improved  only  in  so  far  as  it 
must  be;  and  although  the  improvements  which  are  being  made  from 
year  to  year  by  different  individuals  mark  a  certain  rate  of  progress,  yet 
the  average  rate  of  imjDrovement  of  the  track  has  by  no  means  kept  pace 
with  that  of  the  rolling  stock.  It  certainly  seems  inconsistent  to  run 
trains  of  heavy,  elaborately  furnished  and  decorated  cars,  hauled  by 
heavy  engines  of  first-class  construction,  over  a  track  consisting  of  56 
to  70-pound  rails,  more  or  less  securely  spiked  to  the  ties,  and  having, 
among  other  deficiencies  and  dangers,  numerous  switches,  which  break 
up  the  main  track,  but  are  left  practically  or  actually  unprotected.  An 
illustration  of  this,  which  I  mention  because  it  was  within  my  own  ex- 
perience, was  a  night  accident  on  the  Portland  and  Ogdensburg  Railway, 
in  Maine,  in  1886.  The  train  was  a  south-bound  express  from  Montreal 
and  consisted  of  baggage  car,  ordinary  passenger  cars  and  parlor 
cars.     The  track  was  fairly  good,  and  the  train  was  running  at  con- 
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siderable  speed,  when  the  engine  struck  a  trailing  stub  SAvitch  which 
had  been  left  set  for  the  side  track  by  the  crew  of  a  freight  train  which 
had  used  this  side  track  during  the  afternoon.  There  Avas  thus  a  break 
in  the  continuity  of  the  main  track,  and  the  wheels  dropped  oflf  the  ends 
of  the  rails  onto  the  ties;  the  engine  fell  over  on  its  side  and  the  tender 
smashed  the  cab;  the  baggage  car  went  up  the  side  of  a  shallow  cut  and 
into  a  field,  and  the  first  passenger  car  was  stripped  from  its  trucks  and 
came  to  a  stop  with  the  front  end  resting  on  the  slope  of  the  cut.  The 
engine  driver  and  fireman  were  both  killed.  With  a  misplaced  split 
switch,  as  a  trailing  switch,  no  accident  would  have  occurred,  and  the  only 
probable  damage  would  have  been  the  breaking  of  a  switch  rod;  while 
even  had  the  stub  switch  been  protected  by  signals  or  an  ordinary 
switch  light,  the  engine  driver  might  have  been  able  to  stop  or  reduce 
the  speed  of  the  train  and  prevent  the  accident.  The  Railway  Com- 
missioners of  Maine  probably  had  this  accident  in  mind  when,  in  their 
report  for  1886,  they  recommended  the  enactment  of  a  laAv  requiring 
every  road  in  the  State  that  had  trains  running  at  night  to  place  safety 
switches  and  lights  at  every  siding  which  such  trains  pass  without  stop- 
ping. This  recommendation  was  good  as  far  as  it  went,  but  it  did  not 
go  far  enoixgh;  accidents  of  this  kind  are  liable  to  occur  during  the  day, 
and  they  are  only  one  variety  of  a  large  class  of  accidents.  The  railway 
authorities  in  Australia  take  especial  care  to  prevent  accidents  of  this 
character,  as  will  be  seen  further  on,  under  the  head  of  "  Signals  and 
Interlocking." 

The  above  accident  was  one  of  minor  imi^ortance  comparatively;  but 
how  frequently  does  the  daily  press  report  cases  of  trains  of  all  classes, 
express  and  local,  passenger  and  freight,  being  turned  off  the  main 
track  by  a  misplaced  switch,  with  more  or  less  serious  results!  The 
switch  is  only  one  point  of  danger,  the  frog  is  another,  and  is  responsi- 
ble for  many  accidents;  while  slight  or  serious  accidents  are  constantly 
being  caused  by  broken  rails,  bad  joints,  or  by  the  spreading  or  over- 
turning of  the  rails.  Defective  joints,  sometimes  with  oue  or  two 
of  the  bolts  loose  or  dropped  out;  and  defective  fastenings,  with  loose 
or  worn  spikes,  are  only  too  common,  and,  as  stated  in  my  paper,  read 
at  the  Convention  of  1888:  "Any  one  who  cares  to  make  a  little  observa- 
tion can  learn  some  very  startling  facts  on  the  matter  of  rail  fastenings." 

Hundieds  of  the  accidents  which  occur  every  year  are  attributable 
to  deficiencies  of  the  track.    The  familiar  claim  is  made  that  railways  can- 
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not  afiford  the  expense  of  laying  or  relaying  their  lines  with  first-class 
track  ;  but  on  the  other  hand  they  continue  to  put  on  heavier  engines 
and  more  elegant  cars,  and  say  that  the  public  demands  extra  accommo- 
dations. I  am  fully  alive  to  the  fact  that  the  public  is  a  very  unpleasant 
factor  in  railway  economics,  being  an  unreasoning  body  which  wants  ft 
maximum  of  convenience  at  a  minimum  of  cost,  and  wants  especially 
things  that  it  can  see  and  ajapreciate,  and  that  appeal  directly  to  its 
senses.  With  two  railways  between  the  same  points,  one  line  advertis- 
ing the  excellence  and  safety  of  its  track,  and  running  ordinarily  com- 
fortable cars,  and  the  other  advertising  the  elegance  and  comforts  of  its 
cars,  and  running  its  trains  over  light  rails  and  an  inferior  track,  the 
latter  would  probably  be  the  better  patronized.  It  is  interesting  to 
notice,  however,  as  one  of  the  signs  of  the  times,  that  some  of  the 
principal  railways  make  allusions  in  their  advertisements  and  time- 
tables to  the  excellence  and  safety  of  the  track  as  well  as  to 
the  elegance  of  the  rolling  stock.  It  certainly  seems  that  there 
ought  to  be  some  way,  and  that  there  must  be  some  way  waiting 
for  the  right  man  to  find  it  and  develop  it,  by  which  railways  will  be 
able  to  lay  and  maintain  a  good,  safe  track,  keep  up  a  favorable  rej^uta- 
tion  with  the  public,  and  still  be  good  paying  lousiness  concerns.  Such 
a  way  will  probably  be  found  when  the  Government  assumes  some  con- 
trolling power,  or  when  the  rich  railway  corporations — and  there  are 
many  sufficiently  rich  to  do  this — give  their  engineers  and  superintend- 
ents authority  to  make  proper  exi^enditures,  at  their  discretion,  in  the 
construction,  maintenance  and  equipment  of  the  track,  so  that  these 
responsible  officials  can  keep  the  track  laid  with  heavy  rails  in  good 
condition;  try  different  forms  of  fastenings  and  joints  on  a  sufficiently 
large  and  practical  scale  as  to  arrive  at  some  form  that  proves  practi- 
cally efficient;  adopt  safety  switches  and  frogs,  put  up  complete  systems 
of  signals,  fence  in  the  tracks,  and  in  other  ways  improve  the  track  and 
track  equipment,  without  being  called  to  task  for  the  temporary  increase 
in  the  track  accounts.  With  such  expenditures  the  road  will  be  safer 
and  better  ;  the  continuous  drain  of  maintenance  exjaenses  will  be 
reduced,  and  the  liability  of  the  company  to  damages  by  reason  of 
accidents,  reduced  to  a  minimum. 

It  too  often  happens  that  economy  is  rigidly  enforced  in  track  work, 
even  to  the  extent  of  parsimony,  while  at  the  same  time  money  is  being 
spent  lavishly  in  gorgeous  cars,  in  expensively  built  and  fitted  station 
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buildings,  in  unnecessary  advertising,  and  in  rate  wars  which  are  in  the 
end  detrimental  to  all  the  roads  concerned,  and  which  tend  to  increase 
the  popular  prejudice  against  railway  companies.  If  any  particular 
economy  is  to  be  exercised,  let  it  be  effected  in  the  rolling  stock  or 
traffic  department,  or  in  the  buildings,  but  last  of  all  on  the  track.  In 
speaking  of  the  rolling  stock,  I  mean,  of  course,  in  its  decoration  and 
furnishing,  as  it  is,  of  course,  economy  to  keep  the  engines  and  cars  in 
good  condition.  Many  of  the  cars  are  already  too  magnificent  in  their 
fittings;  very  few  of  the  passengers  demand  or  appreciate  such  ultra 
elegance  in  style,  and  in  fact  the  decoration  and  fvirnishing  are  in  many 
cases  carried  to  an  unnecessary  and  inartistic  extreme.  The  car  builders 
are  partially  responsible  for  this,  but  the  main  responsibility  rests  with 
the  railway  companies  which  authorize  the  excessive  expenditures  in 
this  direction,  while  cutting  down  expenses  on  what  are  actual  improve- 
ments to  the  company's  property.  The  gilding,  painting  and  carving 
of  a  palace  car  will  not  afford  any  protection  when  the  car  is  derailed  at 
an  unprotected  switch,  bad  joint  or  loose  rail.  Of  course,  the  elegance 
of  the  cars  is  worked  as  an  advertisement,  but  there  is  a  limit  to  reason- 
able advertising  of  this  kind;  it  seems  that  this  limit  has  already  been 
passed,  and  that  cars  fully  as  comfortable  and  convenient  as  some  of 
those  now  in  use,  and  sufficiently  handsome  for  all  reasonable  purposes 
and  to  meet  the  demands  of  "aristocratic"  passengers,  can  be  obtained 
at  prices  considerably  less  than  those  now  paid.  Handsomely  built  and 
fitted  stations  are  much  to  be  desired,  and  tend  to  increase  the  popu- 
larity of  the  line,  but  such  work  should  not  be  undertaken  while  the 
track  is  in  any  but  first-class  condition.  I  do  not  intend  here  to  go 
further  into  this  matter  of  relative  economy,  but  hope  the  suggestions 
and  arguments  presented  may  fall  on  good  ground  and  bring  forth 
fruit  abundantly. 

GOVEKNMENT   REGULATION   OF   RAILWAYS. 

In  view  of  some  of  the  modern  developments  in  the  progress  of  rail- 
Avay  affairs  in  this  country,  it  seems  quite  probable  that  some  kind 
of  legislative  action  may  be  taken  in  the  fu  ure  to  give  the  Govern- 
ment some  direct  power  over  the  railways,  to  provide  for  certain 
measures  in  the  interest  of  the  traveling  public,  and  to  insure  the 
carrying  out  of  these  measures.  Whether  such  action  is  desirable  or 
not  is  a  matter  of  opinion,  but  the  idea  is  certainly  not  visionary,  as- 
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som9  of  the  State  governments  have  already  taken  action  in  regard  to 
safety  appliances  for  trains.  The  Interstate  Commerce  Commission 
exercises  a  Government  supervision  over  matters  relating  to  railway  rates 
and  traflSc,  and  has  recently  been  obtaining  statistics  and  making  recom- 
mendations in  regard  to  the  use  of  continuous  brakes  for  freight  trains, 
automatic  coui^lers,  etc.  The  Government  regulation  referred  to  will 
lirobably  be  through  a  Eailway  Commission  or  Railway  Department 
charged  with  the  inspection  and  regulation  of  railways  in  regard  to  their 
construction,  equipment  and  operation,  and  empowered  to  enforce  the 
carrying  out  of  the  recommendations  of  its  engineers  and  inspectors. 
The  work  of  this  Commission  or  Department  should  also  include  the 
keeping  of  records  and  statistics  for  publication,  the  investigation  of 
accidents,  collecting  of  statistics  and  information  in  regard  to  the  same, 
and  the  recommending  of  means  to  reduce  existing  dangers.  The 
growing  tendency  towards  the  consolidation  of  the  railways  into  sys- 
tems under  one  general  management  is  a  matter  closely  related  to  this 
question,  as  the  best  results  as  to  efficiency  of  service,  safety  of  opera- 
tion and  financial  returns,  would  probably  be  obtained  with  the  rail- 
ways divided  into  a  comparatively  few  systems,  owned  by  private 
companies,  and  under  the  general  supervision  of  a  Government  commis- 
sion. If  objections  are  raised  against  the  practicability  of  such  a  com- 
mission, it  is  only  necessary  to  look  back  a  few  years,  and  recall  the 
claims  made  that  the  Interstate  Commerce  Commission  could  not  con- 
tinue, and  that  it  would  be  practically  powerless  and  useless.  In  the 
hands  of  upright  and  intelligent  men,  fitted  for  the  duties  imposed 
upon  them  (and  men  of  this  character  are  essential  in  work  of  such 
extent  and  importance),  the  Commission  has  proved  both  powerful  and 
valuable,  and  is  in  many  ways  paving  the  way  for  the  future  Railway 
Commission.  The  latter  would  be  organized  somewhat  on  the  plans  of 
the  State  Boards  of  Eailway  Commissioners  and  the  English  Board  of 
Trade,  but  with  much  greater  power  and  larger  scope  than  any  existing 
organization.  Its  work  would  include  the  approval  of  bridge  designs, 
the  proper  construction  and  equipment  of  the  track;  maintenance  of 
track,  bridges  and  buildings  m  good  condition;  train  ser\-ice  and  rolling 
stock  equipment;  methods  of  operation,  etc.  New  work  would  be  under 
its  general  sujaer vision;  and  periodical  inspections  and  reports  would 
be  made  of  existing  lines  and  equiiJment.  In  regard  to  accidents  it 
would  be  somewhat  similar  to  the  Board  of  Trade,  in  England,  whose 
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engineers  make  investigations  and  submit  reports,  making  recommenda- 
tions and  awarding  the  blame.  The  Commission  woiikl  also  investigate 
complaints  as  to  train  service,  faulty  construction  or  equipment,  etc. 
For  the  first  few  years  the  work  would  be  very  heavy,  but  the  results 
would  larobably  be  very  beneficial. 

Rails. 

Since  the  early  days  of  modern  railways  there  have  been  very  Avidely 
differing  opinions  as  to  the  forms  of  rails.  Double-headed  reversible, 
double-headed  non -reversible  (or  bull-headed),  bridge,  flange,  and  com- 
pound rails  have  been  used,  and  rails  of  vaiious  sections  and  patterns 
have  been  designed,  some  by  railway  men,  and  others  by  men  who  pro- 
bably knew  little  or  nothing  about  railways,  but  believed  they  could 
design  a  rail  to  fill  a  "  long-felt  want. "  The  double-headed  and  bull- 
headed  rails  not  being  used  in  this  country,  and  not  being  likely  to  be 
introduced,  or  to  come  into  more  extensive  use  in  other  countries,  need 
not  be  herein  described,  but  some  of  these  sections  will  be  found  in  my 
paper  on  "English  Railway  Track  "  {Transactions,  June,  1888).  The 
use  of  the  bridge  rail  has  been  suggested,  as  noted  later,  and  one  form 
of  comjiound  rail,  which  consisted  of  two  bars  each  forming  one  side  of 
the  complete  rail,  is  said  to  have  given  good  results  on  the  New  York 
Central  Railway  some  years  ago;  but  in  winter  ice  formed  on  the  head 
of  the  rail,  along  the  junction  of  the  two  pieces,  and  caused  the  driving 
wheels  of  engines  to  stop.  The  standard  type  of  rail  section  is  the 
"  tee  "  or  "flange  "  rail,  known  in  England  as  the  "  Vignoles  "  or  "  flat- 
bottomed  "  rail.  In  this  country  the  T  rail  dates  back  to  the  very  early 
days  of  railways,  having  been  designed  about  1830,  by  Colonel  Robert 
Stevens,  engineer  of  the  Camden  and  Amboy  Railway;  it  has  been  de- 
veloped into  all  sorts  of  variations,  but  still  keeping  its  general  form  of 
section. 

Coming  down  to  recent  years  we  find  rails  of  various  dimensions  and 
proportions,  but  differing  most  conspicuously  in  the  form  of  the  head. 
There  have  been  heads  with  top  tables  of  long  and  short  radius,  sharp 
and  flat  top  corner  curves,  inward  flaring,  oiitward  flaring,  vertical  and 
rounded  sides  ;  the  heads  themselves  being  wide  or  narrow,  deep  or 
shallow.  It  is  not  within  the  scope  or  purpose  of  this  paper  to  follow 
up  the  development  of  the  form  of  rail  heads,  but  the  Society  is  to  be 
congratulated  on  having,  through  the  work  of  its  Committee  on  "The 
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Proper  Relation  to  one  Another  of  the  Sections  of  Railway  Wheels  and 
Rails"  [Transactions,  October,  1889),  brought  the  varying  opinions  down 
to  details  and  endorsed  a  form  of  head  which  is  jiractically  approved  by 
a  majority  of  the  leading  engineers  and  manufacturers.  An  actual 
unanimity  of  opinion  was  not  to  be  expected,  but  the  practical  unanimity 
shown  by  the  report  of  the  committee  is  both  pleasing  and  surprising. 
With  the  appointment  of  a  new  committee  to  prepare  complete  designs 
for  sections  for  rails  of  various  weights,  acting  in  conjunction  with  engi- 
neers and  manufacturers,  an  important  step  will  have  been  taken  toward 
the  general  adoption  of  standard  rail  sections.  The  question  of  the  form 
of  rails  has  been  considered  very  fully  by  the  committee  whose  report  is 
noted  above.  The  type  of  section  of  head  generally  approved,  and 
recommended  by  that  committee,  is  broad  in  proportion  to  its  depth, 
with  a  top  radius  of  12  inches,  top  corners  of  i-inch  radius,  vertical  sides 
and  sharji  bottom  corners,  the  general  form  being  similar  to  that  of  the 
80-pound  standard  rail  sections  of  the  Michigan  Central  and  New  York 
Central  railways,  except  that  the  latter  has  sides  flaring  outwards 
slightly  from  the  top. 

There  is  one  point,  however,  on  which  I  would  like  to  offer  a  sugges- 
tion in  regard  to  this  section  ;  engineers  and  rail  manufacturers  are 
now  endeavoring  to  get  a  good  rail  steel  that  will  stand  considerable 
wear,  and  if  such  steel  is  obtained  and  is  rolled  into  rails  with  shallow 
heads,  the  heads  would  be  unduly  weak  when  partly  worn,  and  would, 
therefore,  detract  from  the  general  life  and  value  of  the  rail.  Much  has 
been  said  in  regard  to  the  great  extent  of  wear  borne  by  the  iron  rails  of 
former  years.  Mr.  Don  J.  Whittemore,  M.  Am.  Soc.  C.  E.,  in  his  paper 
on  "Cylindrical  Wheels  and  Flat-topped  Rails  "  {Transactions,  Septem- 
ber, 1889),  refers  to  the  iron  rails  of  twenty-five  or  thirty  years  ago  having 
worn  down  |^  inch,  and  mentions  a  wear  of  |-inch  on  steel  rails  when  they 
were  first  introduced  and  lighter  loads  prevailed.  If,  then,  a  material 
can  be  procured  and  rolled  which  will  give  as  great  a  capacity  for  wear 
under  the  more  severe  conditions  of  modern  traffic,  the  depth  of  the  rail 
head  will  be  one  of  the  most  important  points  to  be  considered  in  de- 
signing the  section  of  the  rail.  But,  at  the  same  time,  the  rail  will  have  to 
be  considered  as  a  whole,  and  the  proportions  of  its  material  so  distributed 
as  to  give  the  best  results  on  rolling.  To  reconcile  all  these  various  points 
will  be  no  easy  matter,  but  it  may  be  confidently  expested  that  the  So- 
ciety's committee  on  rail  sections  will  be  successful  in  carrying  out  the 
^ielicate  and  important  work  entrusted  to  it.     The  grades  of  steel  used. 
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methods  of  manufacture  and  tests  of  finished  rails  also  require  consid- 
eration. For  further  particulars  in  regard  to  rails  and  the  traffic  they 
carry,  see  the  paper  by  Mr.  Joseph  T.  Dodge,  M.  Am.  Soc.  C.  E.,  on 
"  Destruction  of  Rails  by  Excessive  Weights  "  [Transactions,  April,  1889). 

As  to  weight,  there  are  in  actual  service  rails  weighing  80  to  90 
pounds  per  yard,  and  sections  of  the  "Sayre"  rail  have  been  prepared 
by  its  designer,  Mr.  Robert  Sayre,  for  weights  of  84,  92,  101  and  110 
pounds  per  yard,  the  general  proportions  being  similar  to  those  of  the  76- 
pound  rails  in  use  on  the  Lehigh  Valley  Railway.  Besides  the  80- 
pound  rails  already  mentioned,  the  Pennsylvania  Railway  has  rails 
weighing  85  pounds  per  yard,  and  the  Philadelphia  and  Reading  has 
some  weighing  90  pounds  per  yard,  while  the  Chignecto  Ship  Railway, 
in  New  Brunswick,  crossing  the  isthmus  at  the  head'  of  the  Bay  of 
Fundy,  will  be  laid  with  rails  weighing  110  pounds  per  yard.  These, 
however,  are  exceptional  cases.  Many  roads  with  heavy  traffic  use  much 
lighter  rails;  the  New  York,  New  Haven  and  Hartford  Railway  has  recent- 
ly adopted  a  73-pound  rail;  Boston  and  Albany  Railway,  72  pounds;  the 
Lake  Shore  and  Michigan  Southern  Railway  has  a  71-i30und  rail  for 
about  fifty  miles  west  from  Buffalo,  N.  Y. ,  all  the  other  parts  of  its 
main  line  being  laid  with  65-pound  rails  ;  the  heaviest  rail  on  the  Cen- 
tral Railway  of  New  Jersey  weighs  76  pounds  jjer  yard.  In  increasing 
the  weight  of  rails,  the  mass  of  material  is  not  the  only  point  to  be  con- 
sidered; the  proper  and  symmetrical  arrangement  to  give  correct  pro- 
portions throughout  and  to  obtain  the  best  effects  in  rolling,  is  a  matter 
of  prime  im^Dortance. 

For  lines  with  heavy  traffic  the  minimum  weight  of  rail  should  be 
80  pounds  per  yard.  It  may  be  objected  that  this  is  going  ahead  too- 
rapidly;  but  if  the  amount  of  the  traffic,  the  weight  of  the  engines  and 
trains  and  the  pounding  of  the  wheels  are  considered,  it  will  probably 
be  admitted  that  80  pounds  is  not  too  heavy,  especially  as  the  use  of 
heavy  rails  of  proper  design  and  good  quality  not  only  gives  a  better- 
track  and  joints,  but  also  reduces  the  maintenance  expenses.  The 
New  York  Central  and  Hudson  River  Railway  has  eight-wheel  engines 
with  a  load  of  9  tons  on  each  driving  wheel,  and  engines  with  10  tons  on 
each  driving  wheel  are  expected  to  be  brought  out  early  in  1890.  For 
what  may  be  termed  secondary  trunk  lines,  75-pound  rails  may  be 
admissible  until  such  time  as  the  railway  companies  realize  the  advan- 
tages of  a  heavy  track,  or  until  the  use  of  such  track  is  in  some  way 
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enforced,  possibly  by  a  Government  commission  as  suggested  in  a 
former  paragraph  For  lines  with  local  or  ordinary  light  traffic,  lighter 
rails  may  still  be  used.  In  looking  through  the  reports  of  State 
railway  commissioners,  however,  I  find  Southern  roads  with  50  to 
60-poand  rails  over  which  Pullman  cars  are  run.  As  to  heavier  rails^ 
it  is  not  necessary  to  hint  at  a  limit;  but  it  would  be  very  interesting 
to  see  a  modified  form  of  Mr.  C.  P.  Sandberg's  100-pound  Goliath 
rail  tried  here,  with  its  metal  tie  plates  and  screw  fastenings.  A  case 
in  which  it  seems  as  though  the  use  of  heavy  rails  may  have  been 
carried  to  an  unnecessary  extreme,  is  the  introduction  of  some  of  these 
100  pound  Sandberg  rails  into  Victoria,  Australia.  It  may  be  that  the 
present  or  jarospective  traffic  is  sufficient  to  wai*rant  the  use  of  siich  a 
rail;  but  from  what  we  understand  of  the  traffic  an  80  or  90-pound 
rail  would  appear  to  be  amply  sufficient.  Heavy  rails  have  been  used 
in  England  for  many  years.  In  "  A  Rudimentary  Treatise  on  Rail- 
ways," by  R.  M.  Stephenson,  published  in  London  in  1850,  the  84- 
pound  rail  of  the  London  and  North  Western  Railway  is  described  and 
illustrated;  a  90-pound  rail  is  now  in  use  on  some  parts  of  that  line. 

It  has  been  stated  that  rails  60  feet  long  are  being  tried  as  an  experi- 
ment on  the  Pennsylvania  Railway.  Rails  are  frequently  rolled  to  this 
length  at  some  works,  but  they  are  usually  cut  to  the  regular  30  feet 
lengths.  The  handling  and  laying  of  heavy  rails  of  such  length  would 
require  special  tracklaying  or  section  gangs.  In  Europe,  however,  rails 
weighing  about  75  pounds  per  yard  are  used  in  lengths  of  39.36  feet 
and  60  feet  rails  are  in  use  on  the  London  and  North  Western  Railway. 

Mr.  D.  J.  Whittemore,  in  closing  his  paper  on  "  Gylindrical 
Wheels  and  Flat-Topped  Rails,"  says:  "If  a  change  is  necessary,  why 
not  have  our  form  of  rail  a  type  of  that  noblest  of  all  creations, 
a  level-headed  man  with  two  legs  and  feet  to  corresjjond?  Why 
not  come  back  to  the  design  of  the  American  Strickland  of  1834, 
redesigned  by  Brunei  in  1835,  and  still  in  iise  on  the  Great  West- 
ern Railway  of  England?"  In  this  connection  it  may  be  noted 
that  in  1885  Mr.  C.  C.  Wrenshall  (then  of  the  Northern  Pacific  Rail- 
way) suggested  an  85-pound  bridge  rail  of  the  type  referred  to,  with 
a  50-pound  combination  splice  and  joint  plate.  This  rail  was  to  be  4^ 
inches  high,  with  a  head  2U  inches  wide  and  about  1-iV  inches  deep  at 
the  middle;  toj?  radius,  6|^  inches;  radius  of  top  corners,  -i\  inch.  The 
side  webs  were  vertical,  i  inch  thick,  and  the  width  over  the  base  was 
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6i\  inches.  The  tracks  on  the  great  Forth  Bridge  in  Scotland  are  laid 
with  rails  of  bridge  section,  weighing  145  pounds  per  yard,  resting  on 
longitudinal  timbers.  A  rail  has  been  invented  by  Mr.  Patterson,  of 
Titusville,  Pa.,  in  which  the  web  is  indented  while  hot,  the  object  being 
to  prevent  creeping.  It  seems  probable  that  the  flange  rail  will  continue 
to  be  the  standard  form  of  rail  in  this  and  other  countries,  but  if  any 
change  should  be  made,  I  think  the  bridge  rail,  as  suggested  by  Mr. 
Whittemore  and  Mr.  Wrenshall,  would  meet  with  very  general  approval. 

One  interesting  feature  in  connection  with  rail  specifications  and 
manufacture,  and  the  relation  between  engineers  and  manufacturers,  is 
the  "  time  guarantee "  system  of  contract  in  general  use  in  Europe. 
Under  this  system  a  clause  in  the  specifications  provides  that  the  manu- 
facturer shall  supply  new  rails  to  replace  any  which  may  be  damaged  or 
worn  out  by  any  cause  except  accidents,  during  a  specified  term  of 
yeai's.  This  term  varies  according  to  the  opinion  of  the  engineer,  the 
weight  of  rail,  et '. ;  it  is  twelve  years  for  the  82-pound  bull-headed  rail 
of  the  Great  Northern  Eailway  (England);  eight  years  for  the  75  pound 
flange  rail  of  the  Dublin,  Wicklow  and  Wexford  Eailway  (Ireland),  and 
six  years  for  the  50  and  61-pound  flange  rails  of  the  South  Australian 
Government  Railways.  This  plan  certainly  seems  to  possess  some 
advantages;  it  tends  to  make  the  manufacturer  particularly  careful  as 
to  the  quality  of  the  rails  delivered,  and  although  it  would  probably 
lead  to  some  increase  in  price,  it  might  very  likely  be  that  the  extra 
amount  would  be  more  than  balanced  by  the  better  quality  of  the  rails 
due  to  more  careful  manufacture.  The  varying  conditions  of  the 
amount  ajid  nature  of  the  trafiic  on  different  parts  of  the  line  would 
make  it  difficult  to  fix  a  uniform  term.  This  guarantee  system  is  also 
adopted  for  metal  ties,  the  term  being  usually  from  two  to  five  years. 

Mr.  C.  P.  Sandberg  has  recently  stated  that  owing  to  the  fast  rolling 
in  modern  mills,  large  rail  heads  do  not  wear  well,  as  the  physical  hard- 
ness is  only  in  the  surface  and  not  in  the  interior  of  the  head.  He 
advocates  a  wider  head,  which,  he  claims,  will  increase  the  life  of  rails 
and  tires,  as  the  latter  would  not  require  to  be  turned  if  the  rail  head 
were  about  as  wide  as  the  bearing  surface,  while  it  would  also  add  to 
the  tractive  power  of  the  engines  by  offering  a  greater  surface  to  the 
driving  wheels.  The  crushing  load  on  these  wheels  would  not  exceed 
the  limit  of  elasticity  of  the  steel  in  the  wider  rail  head.  In  view  of  the 
great  interest  attaching  to  the  rail  question,  and  of  the  acknowledged 
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autliority  of  Mr.  Sandberg  on  this  question,  I  give  Mr.  Sandberg's  state- 
ment in  full  as  an  appendix,  and  would  call  attention  to  his  remark  that 
as  good  a  track  can  be  made  with  flange  rails  as  with  the  English  bull- 
headed  rails  and  chairs,  and  at  less  cost,  which  is  the  point  I  have  made 
in  my  previous  paper  and  rajoeated  here.     (AjDpendix  A.)  , 

Ballast. 

The  various  merits  of  different  materials  have  been  very  widely  dis- 
cussed, and  the  majority  of  opinions  appears  to  be  in  favor  of  broken 
stone  as  the  best  material  for  main  lines  with  heavy  traffic.  A  very  good 
track  can  be  made  with  gravel,  but  it  is  more  dusty  and  requires  more 
maintenance  work  to  keej?  the  track  in  coadition.  Where  gravel  is  used 
on  main  ti'acks  it  is  better  to  carry  it  out  beyond  the  ties  level  with  the 
tops  of  the  ties,  as  is  usually  done  with  broken  stone,  instead  of  sloping 
it  down  from  the  middle  of  tie  so  as  to  leave  the  ties  half  or  entirely 
uncovered  at  the  ends;  this  latter  method  is  very  common  with  gravel 
ballast.  Prol  ably  no  better  roadbed  could  be  made  than  that  of  the 
standard  track  of  the  New  York  Central  and  Hudson  River  Railway;  it 
consists  of  a  6-inch  bottom  course  of  4  to  6- inch  roiigh  quarry  spa  wis, 
covered  with  a  course  of  2-inch  broken  stone  12  inches  deep,  the  ballast 
being  brought  up  level  with  the  tops  of  the  ties. 

In  the  iron  districts  a  number  of  roads  use  slag  ballast,  which  should 
be  about  as  good  as  broken  stone.  A  chemical  action,  injurious  to  the 
rail,  is  said  to  be  sometimes  experienced  with  certain  kinds  of  slag,  but 
inquiry  of  engineers  and  others  who  have  had  experience  with  slag  bal- 
last, fails  to  support  the  existence  of  any  such  action,  at  least  to  any 
appreciable  extent.  With  metal  ties,  however,  buried  in  the  ballast,  it 
seems  probable  that  some  such  trouble  might  be  met  with,  considering 
the  number  of  different  grades  of  slag  and  their  varying  chemical  con- 
stituents. The  pitting  or  corrosion  would  be  most  likely  to  occur  with 
fresh  slag  than  with  slag  which  has  been  in  the  dump  for  a  considerable 
time  and  exposed  to  the  action  of  the  weather.  Steel  ties  have  been 
found  to  corrode  badly  in  cinder  ballast,  and  in  India  they  have  been 
found  liable  to  corrosion  in  certain  districts  where  the  soil  is  heavily 
charged  with  saltpeter.  The  different  opinions  presented  in  regard  to  the 
use  of  slag  ballast  and  the  chemical  action  upon  rails  and  ties,  induced 
me  to  make  inquiries  of  some  engineers  using  this  ballast  in  regard  to 
their  experience,  and  the  substance  of  the  replies,  mainly  favorable,  is 
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given  as  an  appendix.  The  statement  in  regard  to  the  effect  upon  wooden 
ties  was  unexpected,  but  in  general  the  material  may  be  said  to  be  well 
adapted  for  ballast,  and  it  is  especially  desirable  on  account  of  its 
economy  on  roads  in  the  iron  districts.     (See  Appendix  B.) 

Burnt  clay  is  used  with  success  on  some  roads;  among  them  are  the 
Chicago,  Biirlington  and  Qtiincy  and  the  Chicago,  Rock  Island  and 
Pacific  railways,  which  obtain  the  material  from  the  Iowa  Clay  Ballast 
Comi^any,  of  Kansas  City,  at  about  fifty  or  sixty  cents  per  cubic  yard, 
burned  and  loaded  on  the  cars.  On  the  former  road  it  is  estimated  to  cost 
■  ninety-four  and  a  quarter  cents  per  yard  in  place  under  the  track,  as 
against  .$1.25  for  stone  ballast.     (See  Appendix  C.) 

In  England  a  very  general  practice  is  to  use  a  "  boxing  "  or  sprink- 
ling of  medium  coarse  gravel  over  broken  stone  ballast,  which  deadens 
the  noise  and  makes  a  very  pleasant  road  bed  to  ride  over.  Where  gravel 
ballast  is  used,  especially  fine  sandy  gravel,  a  covering  of  ashes  tends  to 
keep  the  dust  down;  this  practice  is  in  use  on  some  New  England  roads. 
It  has  been  suggested  that  the  South  American  practice  of  using  soft 
loam  and  letting  the  grass  grow  over  it  might  be  tried  with  advantage 
on  some  Western  roads  in  the  dry  regions.  As  long  as  dry  weather  pre- 
vails this  gives  a  good  track,  but  care  has  to  be  taken  to  provide  ample 
drainage,  and  with  wet  weather  the  soil  gets  saturated  and  becomes 
mud,  causing  considerable  trouble.  The  ordinary  dirt  ballast,  however, 
as  used  on  some  of  the  Southern  roads,  requires  considerable  labor  in 
maintenance,  especially  in  wet  seasons,  m  order  to  keep  the  track  in  fair 
condition  for  running. 

In  regard  to  the  cross-section  of  the  road-bed,  broken  stone  ballast 
is  generally  brought  up  level  with  the  to]3S  of  the  ties,  and  extended  well 
beyond  the  ends,  giving  plenty  of  material  to  resist  lateral  shifting;  this 
method  is  also  used  with  gravel  and  cinder  ballast,  but  a  more  general 
Ijractice  with  such  ballast  is  to  have  it  level  with  the  top  of  the  tie  at  the 
middle,  sloping  off  to  the  middle  or  bottom  of  the  end  of  the  tie,  and 
then  rounded  off  to  subgrade.  This  reduces  the  amount  of  ballast,  and 
is  intended  to  facilitate  drainage,  but  it  does  not  appear  to  make  so  good 
a  bed,  nor  so  efficient  looking  a  bed,  as  ballast  extended  beyond  the  ends 
of  the  ties.  On  some  roads  it  is  so  extended,  and  this  will  probably  be 
found  the  better  practice.  The  bottom  drainage  is  the  most  important, 
as  the  moisture  and  wet  soon  sink  through  the  ballast,  and  gravel  bal- 
last, after  a  short  time  of  dry  weather,  even  in  a  wet  season,  will  soon  be 
almost  as  dusty  as  in  dry  seasons. 
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Ties. 
The  principal  improvements  to  be  made  in  this  direction  are  in 
"keeping  the  track  supplied  with  good,  sound  ties,  and  in  inci*easing  their 
•durability.  They  are  frequently  left  in  the  track  much  longer  than  is 
desirable  after  being  rotted,  split  by  spikes,  deeply  flange  worn,  or 
otherwise  damaged,  and  with  enlarged  spike  holes  which  give  the  spike  a 
very  poor  hold  in  the  wood.  It  is  certainly  economy  to  use  ties  of  the 
iDest  material  and  quality,  not  only  to  secure  a  better  grade  of  track,  but 
also  to  reduce  the  maintenance  work  and  renewals.  Suitable  species  of 
timber  are  not  always  availed  of,  and  it  is  only  about  two  years  ago  that 
the  Department  of  Agriculture  called  attention  to  the  fact  that  the 
chestnut  oak,  which  grows  in  the  South  and  is  felled  for  its  bark  for 
tanning  purposes,  the  timber  being  left  to  rot,  is  an  excellent  material 
for  ties,  better  than  some  woods  already  used.  The  result  of  this  has 
been  that  a  large  amount  of  this  hitherto  wasted  timber  has  been  used  for 
ties  and  with  satisfactory  results.  There  may  yet  be  other  species  of 
timber  which  can  be  used  successfully  for  ties.  The  following  table  of 
oak  timbers  was  issued  by  the  Department  of  Agriculture  at  the  time 
referred  to.  Very  full  statistics  of  the  ties  used  on  the  various  rail- 
ways of  the  country  wiU  be  found  in  the  Report  on  Forestry,  Vol.  IV, 

Table  of  Oak  Timbers. 


Species. 

Range. 

Weight 

per 

cubic 

foot. 

Specific 
Gravity. 

Resist- 
ance to 
Inden- 
tation. 

Elasticity. 

Trans- 
verse 
Strength. 

White  Oak,  [Quercus  al- 
ba L.) 

East  of    the   Rocky 
MouDtaius 

Northeastern, and  in 
Kentucky,       Ten- 
nessee   and    Ala- 
bama.             

46.35 

46.73 
50.10 

46.45 

52.14 
46.45 

0.7470  (4) 

0.7499  (3) 
0.8039  (2) 

0.7453(6) 

0.8367  (1) 
0.7453(5) 

3388  (6) 

3688  (5j 
3725  (4) 

3730  (3) 

4415  (1) 
3846  (2) 

97089  (2) 

125473  (1) 
96373  (3) 

92929  (4) 

83257  (5) 
81109  (6) 

Chestnut  or  Rock  Chest- 
nut Oak  (Q.  prinus.  L.) 

905  (4) 

1031  (2) 
1118  (1) 

982  (3) 

872  (6) 
879  (5) 

Basket  or  Cow  Oak  (Q. 

Michauxii,  Nutt.) 

Burr,     Mossy    Cup    or 

Over  Cup  Oak  (Q.  ma- 

crocarpa,  Michx .).    ... 
Post  or  Iron  Oak  (Q.  ob- 

tusiloba,  Michx.) 

California  White  Oak  {Q. 
Garryana,  Dougl.) 

Southeastern 

Northern  U.S 

East  of   the   Rocky 
Mountains 

Pacific  Coast 

Black  Locust \ 

Confined;  but  ar- 
tificially almost 
everywhere. 

64.00 

(dry) 

0.7333 

2580 

129238 

1273 
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1884,  prepared  for  the  Department  by  Dr.  N.  H.  Egleston,  then  Chief 
of  the  Bureau  of  Forestry.  The  present  Forestry  Division,  of  which  Mr. 
B.  E.  Fernow  is  Chief,  has  also  done  much  valuable  work  in  connection 
with  the  railway  tie  question,  the  table  here  given  having  been  prej^ared 
by  Mr.  Fernow. 

The  column  of  specific  gravity  will  allow  an  estimate  in  regard  ta 
the  adhesion  of  spikes,  while  the  column  of  indentation  allows  an 
estimate  as  to  the  cutting  by  the  rail  flange. 

The  application  of  preservative  processes  for  ties  does  not  appear  to 
have  met  with  much  favor  thus  far  in  this  country,  although  very  gen- 
erally and  successfully  employed  in  Europe.  There  are  several  plants 
in  operation,  using  different  processes,  but  the  treatment  is  more  fre- 
quently applied  to  piles  and  timbers  that  will  be  subject  to  the  attacks 
of  the  teredo  or  other  destructive  agencies  than  to  ties,  but  the  use  of 
preserved  ties  is  probably  increasing  steadily  if  slowly.  It  is  said  to 
have  been  definitely  established  as  a  fact  that  the  zinc  process  (which  is 
used  by  the  Chicago  Tie  Preserving  Comi^any,  of  which  Mr.  Octave 
Chanute,  M.  Am.  Soc.  C.  E.,  is  the  engineer)  not  only  preserves  but 
hardens  the  wood.  The  same  effect  is  claimed  for  wood  creosote 
oil.  This  is  an  especially  important  featvire  in  this  country,  as 
the  principal  objection  to  the  flange  rail  is  that  its  'comparatively 
narrow  base  cuts  into  the  wood  of  the  tie.  Mr.  F.  C.  Prindle, 
M.  Am.  Soc.  C.  E.,  Engineer  and  Superintendent  of  the  Carolina* 
Oil  and  Creosote  Company,  estimates  the  approximate  increase  in  cost 
of  creosoted  over  plain  ties  at  about  $14  and  $16  per  1  000  feet  when 
creosoted  with  10  and  12  pounds  respectively  of  wood  creosote  oil  per 
cubic  foot.  He  considers  that  there  is  a  too  prevalent  railway  policy 
of  cheap  building  and  minimum  repairs.  The  Old  Dominion  Creosot- 
ing  Works  report  having  supplied  ties  treated  with  dead  oil  of  coal  tar, 
and  state  that  a  sample  tie  in  service  for  eight  years  is  still  in  good  con- 
dition and  likely  to  last  several  years  more.  These  ties  are  claimed  to 
last  twice  as  long  as  the  best  oak  or  jiine,  and  the  prices  are  from 
seventy-five  to  eighty-five  cents  per  tie  at  the  works.  Eppinger  & 
Russell  have  also*supplied  ties  treated  with  dead  oil  of  coal  tar.  They 
state  that  numerous  inquiries  are  made  by  railway  men,  but  the 
increased  first  cost  deters  them  from  purchasing;  ties  8  feet  x  G  inches  x 
8  inches  cost  ninety  cents  to  $1  each  on  the  dock  at  the  works.  (For 
further  particulars  respecting  ties  see  Appendix  D.) 
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Steel  is  probably  the  material  for  the  ties  of  the  future.  With  such 
ties  will  come  a  general  improvement  in  the  track,  as  better  fastenings 
will  be  used  with  them.  Many  objections  have  been  urged  against  steel 
ties,  but  in  view  of  the  extent  of  their  use,  and  the  experience  and 
steady  progress  of  their  introduction  in  other  countries,  there  is  little 
reason  to  doubt  the  practicability  and  economy  of  their  use.  It  is  to  be 
regretted  that  this  important  matter  has  been  so  indifferently  considered 
in  this  country,  and  that  trials  have  not  been  made  in  order  to  ascertain 
the  requirements  for  conditions  obtaining  here,  but  within  the  present 
year  (1889)  about  eight  hundred  of  the  "Hartford"  rolled  steel  ties 
have  been  made  for  the  New  York  Central  and  Hudson  Eiver  Railway; 
and  a  trial  lot  of  the  "  Standard  "  stamped  steel  ties  (with  wooden  bear- 
ing blocks  for  the  rails)  for  the  Chicago  and  Western  Indiana  Eailway. 
A  few  others  have  also  been  tried.  (See  Appendix  E.)  The  jDrincipal 
reasons  for  the  little  attention  that  has  been  given  to  this  matter  are 
probably  the  increased  first  cost  (the  subsequent  economy  not  being 
siiificiently  taken  into  account)  and  the  great  extent  of  the  timber 
resources  of  the  country.  It  has  already  been  shown,  however,  pretty 
conclusively,  that  these  timber  resources  are  being  destroyed  to  a  danger- 
ous extent  both  as  regards  the  timber  supply  and  the  effects  of  the  forests 
on  climatic  conditions.  (See  the  rejjort  of  the  proceedings  of  the  meeting 
of  the  American  Forestry  Association,  in  Engineering  Neics,  October  26th, 
1889,  and  my  paper  on  "Economy  in  the  Consumption  of  Timber  for 
Eailway  Purposes,"  read  at  that  meeting,  in  Engineering  News,  November 
2d,  1889.)  Another  reason  is  probably  to  be  found  in  the  very  large 
number  of  jDatented  inventions  of  metal  ties,  very  few  of  which  have 
much  practical  merit,  whatever  their  theory  may  be;  a  majority  of  them 
being  apparently  designed  by  men  entirely  unfamiliar  with  the  condi- 
tions to  be  met  in  service.  It  may  be  said,  however,  that  the  matter 
appears  now  to  be  assuming  a  more  practical  aspect.  Steel,  apart  from 
its  use  as  a  means  of  reducing  the  consumption  of  timber,  makes  a 
superior  class  of  track,  and  is  therefore  well  adapted  for  use  on  main 
lines,  without  regard  to  the  condition  of  the  timber  resources.  The  use 
of  steel  ties  would  considerably  reduce  the  maintenance  expenses,  and 
would  increase  the  safety  of  traffic,  owing  to  the  secure  fastening  of 
the  rails.  In  this  connection  I  quote  the  following  sentence  from  a 
letter  written  to  me  by  an  English  engineer  :  "The  steel  sleeper  (tie)  is 
essentially  a  sleeper  for  flat-bottomed  (flange)  rails ;  and  until  our  rail- 
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way  companies  alter  their  rails  I  do  not  think  steel  sleepers  will  come 
into  general  use." 

Some  general  information  in  regard  to  the  use  of  metal  track,  with 
other  matter  in  connection  with  the  subject,  will  be  found  in  my  pre- 
liminary report  on  "The Use  of  Metal  Track  on  Eailways  as  a  Substitute 
for  Wooden  Ties,"  issued  by  the  Department  of  Agriciilture  in  April, 
1889.  While  the  general  introduction  of  steel  ties  is  to  be  wished  for, 
the  necessity  of  improvements  upon  present  methods  of  rail  supports 
must  not  be  lost  sight  of,  and  it  is  in  making  the  best  of  existing  condi- 
tions that  the  engineer  frequently  comes  to  the  front. 

The  spacing  of  the  ties  should  be  carefully  attended  to,  as  trains  run 
more  smoothly  on  track  where  the  ties  are  properly  and  regularly 
spaced  than  on  track  where  they  are  laid  irregularly.  The  spacing 
should  be  widest  at  the  middle  of  the  rail  length  and  narrowest  at  the 
joint.  The  New  York,  Lake  Erie  and  Western  Railway  requires  the  ties 
to  be  spaced  with  10  inches  between  the  edges  of  the  bearing  surfaces  at 
the  joints,  and  with  an  equal  distance  from  center  to  center  of  all  inter- 
mediate ties  ;  for  each  30-foot  rail  sixteen  ties  on  main  tracks,  fourteen 
ties  on  branch  roads  and  third  tracks  of  main  lines,  and  twelve  ties  on 
sidings  and  tracks  for  standing  cars  only;  on  main  lines  and  branch 
roads  where  the  long  angle  plate  is  used,  or  the  joint  supported,  fifteen 
and  thirteen  ties  respectively  are  to  be  used.  The  Louisville  and  Nash- 
ville Railway  rules  are  as  follows:  Where  the  suspended  joint  with 
angle  si)lice  is  used,  the  proper  spacing  of  ties  is  10  inches  in  clear 
between  the  edges  of  the  two  joint  ties,  and  not  more  than  14  inches 
between  the  edges  of  the  intermediate  ties;  where  the  supjjorted  joint  is 
used  the  distance  in  the  clear  from  the  joint  tie  to  either  of  the  shoulder 
ties  is  9  inches;  the  rest  of  the  ties  are  to  be  spaced  not  more  than  15 
inches  apart.  The  Michigan  Central  Railway,  with  30- foot  rails,  laid  to 
break  joints,  and  with  long  six-bolt  angle-bar  supported  joints,  had  the 

joint  and  shoulder  ties  spaced  19  inches  center  to  center,  23  inches  from 
the  shoulder  ties  to  the  next  intermediate  tie,  and  24  inches  center  to 
center  of  intermediate  ties. 

Tie  Plates. 

The  principal  method  used  in  this  country  for  increasing  the  life  of 
ties  in  the  track  is  the  use  of  metal  tie  plates,  placed  between  the  rail 
and  tie.  With  these  plates  softer  species  of  wood  may  be  used  than  are 
available  without  them,  as  they  increase  the  bearing  surface  and  prevent 
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flange  cutting,  while  tliey  add  to  the  security  of  the  spike  fastenings  so 
that  the  rails  are  not  likely  to  spread.  Besides  this  efficiency  and 
safety,  they  may  eifect  an  economy  by  enabling  cheaper  wood  to  be 
used,  and  still  give  a  track  of  equal  strength  and  safety,  while  by 
increasing  the  life  of  the  ties  they  effect  an  economy  in  maintenance  and 
renewals.     These  plates  may  be  divided  into  two  classes. 

First. — Those  which  are  merely  thin  plates  for  the  rails  to  rest  upon, 
and  which  are  used  in  connection  with  the  ordinary  sjaike  fastenings. 
Of  this  class  are  the  Servis  and  Perkins  plates.  The  Servis  tie  plate  is 
a  shallow  channel,  made  of  iron  or  steel,  about  8  x  3f  inches  on  the  top, 
T^-inch  thick,  and  having  flanges  f-inch  deep,  which  are  driven  into  the 
wood  in  the  direction  of  the  grain.  For  heavy  work  the  plate  has  also 
a  rib  along  the  middle,  on  the  underside;  this  is  to  stiffen  the  plate, 
and  to  prevent  it  from  bending  under  the  weight  of  the  traffic.  The 
spikes  may  be  driven  through  or  outside  of  the  plate,  but  the  former 
is  the  better  plan,  as  the  plate,  by  tieing  them  together,  makes  both 
of  them  resist  any  lateral  pressure.  It  is  already  in  extensive  use  and 
has  proved  a  practical  success.  The  Perkins  plate  is  similar  to  the 
above,  5  x  6i  inches  on  top,  but  rests  on  a  thin  wooden  block  placed  on 
the  tie,  the  spikes  passing  through  the  plate  .and  block  into  the  tie. 
The  advantage  claimed  is  that  it  avoids  the  cutting  of  the  tie  by  the 
flanges  of  the  channel  tie  plates.  Its  disadvantages  are  that  it  shortens 
the  hold  of  the  spike  in  the  tie,  increases  the  number  of  parts  and 
the  amount  of  wood  used,  reduces  the  stability  or  homogeneity  of  the 
track,  and  practically  prevents  shimming.  The  cutting  of  the  tie  by 
the  flanges  of  the  plates  is  not  likely  to  be  detrimental,  as  it  is  too  slight 
to  cause  splitting,  and  does  not  offer  much  chance  for  water  to  lodge 
and  cause  rot. 

Seco)id. — The  larger  plates,  which  are  used  in  connection  with 
improved  fastenings.  Of  this  class  are  the  Thomson  (Pennsylvania 
Eailway),  the  Cox  (McConway  &  Torley),  the  Wrenshall,  the  Post  and 
Sandberg  plates,  and  the  Stuart  elastic  plate.  The  plate  designed  by 
Mr.  M.  W.  Thomson,  of  the  Pennsylvania  Railway,  is  5  x  9  inches, 
■f-inch  thick  imder  the  rail,  with  a  channel  for  the  flange,  and  a  rib 
along  the  upper  edges  of  the  two  sides  ;  it  is  fastened  to  the  tie  by 
screws  which  also  hold  the  rail  flange.  The  McConway  &  Torley 
plate  is  of  malleable  cast-iron  ;  on  one  side  is  a  lug  which  holds  the  rail 
flange,  and  on  the  other  is  a  clamp  bearing  on  the  rail  flange  and  a  high 
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lug  on  the  plate,  the  ciamp  being  held  by  a  bolt  lying  at  an  angle  of  45 
degrees  with  the  vertical,  with  the  nnt  on  the  side  next  to  the  rail.  The 
plate  is  spiked  to  the  tie.  This  plate  is  in  service  experimentally.  Mr. 
C.  P.  Sandberg  has  tie  plates  of  different  forms  ;  one  form,  for  screw 
fastenings,  is  very  similar  to  that  of  Mr.  Thomson  ;  another  form  is  a  flat 
plate  with  clips  stamped  up,  the  rails  being  held  either  by  spikes  or  by 
a  horizontal  wedge  fastening  between  the  rail  flange  and  the  clips.  Mr. 
Post  uses  on  the  Netherlands  State  Railways  a  heavy  plate  with  teeth  on 
the  underside  to  bite  into  the  wood  and  j^revent  slipping  ;  screw  fasten- 
ings are  used.  The  Stuart  "elastic"  plate  is  split  at  the  ends  and  so 
bent  that  the  rail  rests  on  the  iinsupported  diagonally  opposite  ends  of 
the  plate,  the  metal  being  supposed  to  give  slightly  under  the  weight 
of  trains.  Various  devices  have  been  invented  for  insuring  an  elasticity 
of  the  track,  among  which  may  be  noted  a  corrugated  pad  of  rubber 
intended  to  be  placed  between  the  rail  and  tie.  Mr.  Sandberg's  views 
on  tie  plates  are  given  in  Appendix  A. 

Tie  Fastenings. 

In  the  method  of  fastening  the  rails  to  the  ties  great  improvements 
can  be  and  should  be  made.  Numerous  devices  have  been  designed  for 
this  purpose,  and  some  of  them  havelaeen  given  a  practical  trial  but  on 
a  comparatively  small  scale.  The  old-fashioned  spike,  which  is  still 
almost  universally  used,  is  not  sufficiently  secure  for  tracks  with  heavy 
traffic,  as  the  vertical  motion  of  the  rail  gradually  draws  it  out  of  the  tie, 
in  which  it  is  held  by  friction  only,  while  the  lateral  thrust  of  the  rail 
by  the  wheels  of  trains  tends  to  draw  the  inner  spike  and  forces  the  outer 
spike  back  into  the  wood,  thus  enlarging  the  spike  hole,  reducing  the 
hold  of  the  spike  and  giving  a  good  chance  for  water  to  enter  and  cause 
rot.  Many  of  the  derailments  which  are  continually  occurring  are  due 
to  this  loosening  and  drawing  oi  the  sj^ikes,  allowing  the  rails  to  be 
forced  outward  or  overturned.  In  answer  to  an  inquiry  as  to  spikes  for 
80  or  100-pound  rails,  Mr.  T.  A.  Meysenburg,  of  the  Tudor  Iron  Works, 
St.  Louis,  sent  me  a  drawing  of  an  enlarged  spike  of  the  ordinary  form 
which  he  considers  suitable  for  such  rails;  it  is  6^  inches  long  over  all, 
the  point  being  1^  inches  long;  \\  inch  square  under  the  head  and  f  inch 
square  in  the  shank;  the  head  is  If  inches  square  and  has  a  projection  of 
T-J-  inch.  Mr.  Robert  H.  Sayre,  of  the  Bethlehem  Iron  Works,  the  de- 
signer of  the  heavy  "Sayre  "  rail  sections  already  referred  to,  thinks  that 
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*'  au  ordinary  spike  with  a  wood  screw  in  every  other  tie  would  be  suf- 
ficient, as  the  rails  are  in  all  cases  as  broad  in  the  flange  as  they  are 
high,  and  there  would  be  no  tendency  to  overturn  except  at  the  begin- 
ning of  a  curve,  where  fast  running  trains  would  strike  the  head  of  the 
rail  pretty  hard." 

Following  are  a  few  notes  u^jon  some  of  the  "improved"  spikes 
which  have  beea  brought  out ;  some  of  which  spikes  have  been 
put  in  service.  The  Davies  lock  spike  is  a  thin,  flat,  steel  spike, 
having  the  shank  at  an  angle  of  about  40  degrees  with  the  head,  so  that 
it  drives  diagonally  into  the  tie,  parallel  with  the  rail,  and  it  is  claimed 
that  in  this  way  the  rail  will  be  prevented  from  drawing  or  loosening  it, 
while  it  presents  a  broad  surface  to  resist  the  lateral  thrust;  the  end  has 
cutting  edges  to  prevent  too  violent  a  tearing  of  the  wood,  as  the  spike 
is  driven  across  the  fiber.  They  are  about  4  J  inches  long  under  the  head, 
the  head  is  1  inch  wide  and  1^  inches  long;  the  shank  is  about  li  inches 
wide,  tapering  from  -|  inch  thick  under  the  head  to  |  inch  at  the  end. 
Spikes  of  greater  width  are  used  at  joints,  and  also  act  as  rail  braces  on 
curves.  Two  of  the  spikes  are  driven  at  each  rail,  sloping  in  opposite 
directions.  These  sjiikes  have  given  good  results  in  service;  among 
other  roads  using  them  is  the  New  York  Central  and  Hudson  Kiver  Rail- 
way, which  iises  spikes  2  inches  wide  at  the  joints  and  some  intermediate 
ties  on  a  part  of  its  line.  The  McLean  sj)ike  is  sharp  edged  and  sharp- 
pointed,  and  the  claims  made  for  it  are  that  it  is  easier  to  drive,  cuts  the 
fibers  smoothly  instead  of  crushing  them,  and  so  increases  their  hold 
upon  the  body  of  the  spike;  while  the  fibers,  not  being  injured,  present 
a  better  surface  to  resist  lateral  motion  of  the  spike,  and  also  fit  so 
tightly  around  the  spike  that  water  is  practically  excluded.  These 
spikes  have  been  tried  on  a  number  of  roads.  The  Goldie  spike  is  sharp- 
pointed  instead  of  chisel-edged,  the  idea  being  that  it  will  separate  and 
force  back  the  fibers  of  the  wood,  instead  of  crushing  them  down,  and 
will  thus  obtain  a  better  hold  for  the  spike.  The  Fennerty  spike  is  of 
ordinary  form  but  with  grooves  down  the  front  and  back  faces,  separat- 
ing the  fibers  and  giving  a  greater  bearing  area;  these  grooves  may  be 
either  vertical  or  slightly  diagonal.  Some  of  these  grooved  spikes 
are  of  round  section.  Another  form  of  Fennerty  spike  is  curved 
slightly  in  side  elevation,  the  idea  being  that  it  will  hug  the  flange 
when  finally  driven  by  the  last  few  blows,  and  it  will  offer  great 
resistance  to  pulling.     Tests,  however,  have  shown  that  such  a  form  of 
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si^ike  is  much  inferior  to  the  straight  si)ike.  The  Hicks  spike  is  a  form 
of  bayonet  spike;  it  is  of  triangular  section,  the  sides  being  concave  and 
giving  three  sharp  cutting  edges;  the  head  is  of  tee  shape,  with  one  side 
thicker  than  the  other,  so  that  when  driven  one  side  bears  on  the  rail 
flange  and  the  other  side  on  the  tie,  acting  as  a  brace  to  resist  the  lateral 
thrust  of  the  rail.  Ordinaiy  spikes  are  used  with  the  Philadelphia  and 
Reading  90-pound  rail.  Numerous  forms  of  sj)ikes  have  been  suggested, 
but  an  extensive  series  of  tests  made  some  years  ago  at  the  St.  Louis 
bridge,  have  shown  that  it  is  not  easy  to  increase  the  efliciency  of  an 
ordinary  well-made  sp^ike,  and  that  ragging  and  curving  even  reduce  the 
efficiency  below  that  of  the  ordinary  spike. 

The  most  eflfective  way  in  which  to  prevent  the  drawing  of  the  fasten- 
ings is  to  give  them  a  positive  grip  or  bearing,  iostead  of  relying  upon 
side  friction.  This  can  be  obtained  by  the  use  of  bolts  or  screws.  In 
England,  the  Board  of  Trade  requires  flange  rail  tracks  to  have  the  rails 
fastened  at  the  joints  and  the  middle  of  the  tie  by  fang-bolts;  spikes  only 
not  being  considered  safe.  With  the  English  fang-bolt  fastening,  the 
bolt  is  usually  placed  with  the  head  bearing  on  the  rail  washer,  in  w'hich 
case  it  is  screwed  down  into  a  fang-nut  on  the  underside  of  the  tie,  the 
nut  having  sharp  fangs  or  projections  which  bite  into  the  wood  and  so 
prevent  turning,  the  bolt  being  turned  while  the  nut  is  stationary.  A 
better  plan  would  seem  to  be  to  have  the  head  of  the  bolt  underneath, 
and  prevented  from  turning,  the  nut  being  screwed  down  on  the  nail 
washer  or  clasiJ.  Such  a  method  I  have  illustrated  on  one  of  the  ac- 
companying plates,  the  fang  washer  having  ribs  or  stops  to  prevent  the 
turning  of  the  head  of  the  bolt;  but  I  woiild  further  suggest  as  a  simpler 
plan,  also  illustrated,  that  the  fang  should  be  on  the  ^^nderside  of  the 
bolt  head  itself,  thus  dispensing  with  washers.  I  have  made  inquiry  of 
manufacturers  and  find  that  such  bolts  can  be  made.  Mr.  Sandberg 
uses  a  broad  threaded  screw  with  a  wide  hexagonal  head  which  bears 
directly  on  the  rail  flange  and  the  rib  of  the  tie-plate.  On  the  Northern 
Railway  of  France,  an  85-pound  flange  rail  is  fastened  by  screws  of  a 
little  different  form  to  Mr.  Sandberg's  ;  but,  like  his,  bearing  directly 
on  the  rail  flange,  the  wide  part  of  the  head  is  circular,  with  a  square 
projection  in  the  middle  to  fit  the  track  wrench.  Mr.  Post  uses  on  the 
Netherlands  State  Railway  a  screw  similar  to  the  above,  but  iron  clips  or 
washers  are  used  on  one  side  of  the  rail  flange.  An  objection  to  the  use 
of  bolts  is  the  trouble  of  boring  the  holes  and  putting  the  pieces  in  posi- 
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tion.  Holes  are  also  bored  for  some  of  the  screw  fastenings  used,  espe- 
cially with  hard  wood  ties,  and  this  method  is  being  used  on  some  new 
railway  lines  being  built  in  Venezuela  by  American  engineers  for  a 
French  company.  The  Bush  interlocking  bolts  have  been  tried  in  this 
country,  and  with  satisfactory  results  ;  they  are  in  use  on  some  parts  of 
the  New  York  Central  and  the  Pennsylvania  railways.  Two  bolts  are 
used  for  each  fastening,  one  on  each  side  of  the  rail.  The  upper  part  of 
the  bolt  is  at  an  obtuse  angle  with  the  lower  part;  one  bolt  of  each  pair  has 
a  projection  which  engages  with  a  recess  in  the  other  bolt.  The  bolts  are 
slipped  into  holes  bored  diagonally  into  the  tie,  crossing  under  the  rail. 
When  turned  into  position  the  bolts  lock  automatically.  A  washer  bears 
on  the  I'ail  flange  and  the  tie,  having  teeth  which  bite  into  the  wood  and 
prevent  any  outward  shifting  of  the  rail.  The  nuts  are  screwed  down 
on  these  washers  and  draw  the  interlocking  arrangement  tight.  At 
joints  with  angle  bars,  the  flange  of  the  angle  bar  is  cut  away  to  allow 
the  washer  to  bear  on  the  rail. 

All  things  considered,  a  screw  fastening  which  does  require  the  boring 
of  holes  in  the  tie  seems  to  present  the  most  advantages.  A  fastening 
of  this  kind  which  promises  good  results  is  that  designed  or  adapted  by 
Mr.  M.  W.  Thomson,  Engineer  of  Maintenance  of  Way,  Pennsylvania 
Railroad.  It  is  similar  in  form  to  the  Sandberg  screw  fastening,  and 
has  a  similar  tie  plate;  but  it  has  the  advantage  of  using  clips  or  washers 
to  hold  the  rails,  while  the  pointed  screw  can  be  easily  started  into  the 
■wood,  thus  expediting  the  track  work.  There  are  three  |-inch  screws, 
about  5  inches  long,  to  each  fastening.  For  the  present  it  is  intended 
to  use  only  four  of  these  fastenings  to  a  rail  length,  which  will  enable 
the  efficiency  to  be  as  well  tested  as  with  a  larger  number,  and  will  re- 
duce the  cost  of  the  experiment.  The  tie  plates  and  washers  can  be 
rolled  in  bars  and  sheared  to  length. 

Another  form  of  fastening  which  is  in  extensive  use  in  other  countries 
is  the  horizontal  taper  key  or  wedge,  but  it  can  only  be  used  in  con- 
nection with  metal  ties  or  tie  plates,  the  key  being  driven  between  the 
rail  flange  and  a  lug  on  the  tie  or  plate,  another  lug  holding  the  oppasite 
side  of  the  flange.  It  is  very  simple  and  efficient  and  has  given  very 
good  results;  being  easy  to  drive  and  not  liable  to  work  loose,  though  as 
a  i^recaution  the  smaller  end  of  the  key  is  split  and  can  be  ojjened 
slightly  with  a  chisel  when  driven  to  jalace.  In  the  Fennerty  joint 
jDlate,  an  American  invention,  the  fastening  is  a  flat  tajier  key,  with  a  stud 
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on  the  small  end  on  which  a  nut  can  be  screwed  to  prevent  it  from 
working  loose. 

In  order  to  relieve  the  strain  on  the  fastenings  at  curves,  especially 
where  ordinary  spikes  are  used,  the  rails  should  be  connected  by  tie 
rods  or  gauge  rods,  which,  by  connecting  the  rails,  would  probably  be 
more  efficient  than  the  ordinary  outside  rail  braces.  The  rods  may  be 
similar  to  those  used  at  switches,  holding  the  rail  by  the  flange,  or  may 
have  angle  pieces  at  the  ends  to  fit  the  outer  side  of  the  rail  flange  and 
web;  they  may  also  be  screwed  through  the  web  and  secured  by  nuts, 
which  method  is  adopted  with  some  systems  of  metal  longitudinals  used 
in  Europe;  this,  however,  might  be  inconvenient.  Since  making  this 
suggestion  I  have  heard  and  read  that  such  a  j^lan  is  actually  in  use 
abroad.  A  translated  article  on  "The  Narrow  Gauge  Eailways  of  the 
Lake  of  Lugano,"  in  the  abstracts  of  foreign  papers  in  Minutes  of  Pro- 
ceedings Inst.  C.  E.,  Vol.  LXXXIII,  by  E.  Olivieri,  taken  from  "II 
Politecno,"  an  Italian  technical  paper,  mentions  such  a  practice  as  in 
use  on  those  lines.  The  gauge  is  2  feet  9^^  inches;  the  track  is  laid  with 
steel  flange  rails  4^  inches  high,  29  feet  6  inches  long,  45^  pounds  per 
yard,  on  eleven  ties  to  a  rail  length,  the  ties  being  5  feet  3  inches  long, 
5  X  6i  inches  section.  "A  good  deal  of  difficulty  has  been  found  in 
keeping  the  rails  to  gauge,  and  the  sleepers  [ties]  are  now  (1885)  sup- 
plemented with  wrought  iron  tie  rods  at  the  joints  on  straight  lines, 
three  to  a  rail  on  curves  of  more  than  230  feet  radius,  and  five  to  a  rail 
on  sharper  curves." 

EAUi  Joints. 

As  far  as  inventions  and  devices  are  coucernecl,  the  rail  joint  is  to  the 
track  what  the  car  coupler  is  to  the  rolling  stock,  and  it  would  be  an 
endless  task  to  attempt  to  describe  the  different  forms  and  arrangements 
that  have  been  suggested  and  patented.  AVith  comparatively  few  excep- 
tions, the  usual  form  of  joint  adojDted  in  this  country  for  main  tracks 
under  heavy  traffic  is  the  double  angle  bar  joint,  from  24  to  48  inches 
long,  with  four  or  six  bolts,  and  sometimes  with  an  extra  tie  under  the 
joint.  The  Savannah,  Florida  and  Western  Railway  has  for  its  70-poiind 
rails  angle  bars  48  inches  long,  with  six  bolts.  The  Lake  Shore  and 
Michigan  Southern  Eailway  has  a  joint  of  the  same  type  and  dimensions; 
and  also  uses  a  short  angle  bar  supported  joint,  the  joint  resting  on  one 
of  the  ordinary  ties.  The  Michigan  Central  Eailway  uses  mild  steel 
splice  bars  44  inches  long;  the  bolts  have  the  Harvey  "grip-thread," 
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and  are  spaced  6,  9  and  9  inches;  experience  with  these  joints  under 
heavy  traffic  has  shown  good  results.  The  New  York  Central  and  Hud- 
son River  Eailway  uses  with  its  standard  track  with  SO-i^ound  rails  a 
three-tie  joint,  with  angle  bars  40  inches  long  and  six  bolts;  the  rail 
ends  are  fastened  to  the  tie  by  a  pair  of  Bush  interlocking  bolts  or, 
Davies  lock  spikes  (already  described  under  "  Eail  Fastenings  ").  With 
the  lighter  rails,  a  suspended  joint,  with  short  angle  bars  and  four  bolts, 
is  used.  The  Chicago  and  Alton  Eailway  has  also  a  three- tie  joint,  with 
angle  bars  40  inches  long  and  four  bolts;  the  inner  bar  is  li  inches 
thick.  The  New  York,  West  Shore  and  Buffalo  Eailway  has  a  three-tie 
joint,  with  angle  bars  36  inches  long,  weighing  45  pounds  per  j^air. 
They  have  given  excellent  service  and  were  in  good  condition  after  six 
years'  wear  under  heavy  traffic,  with  passenger  engines  having  32  tons 
on  four  driving  wheels,  and  freight  engines  having  44  tons  on  eight 
wheels.  The  Philadelphia  and  Eeading  Eailway  uses  for  its  90-pouDd 
rails  a  suspended  joint,  with  angle  bars  30  inches  long,  and  six  bolts, 
the  outer  bolts  being  over  the  middle  of  the  joint  ties,  which  are  sjoaced 
22  inches  apart,  center  to  center.  The  New  York,  New  Haven  and 
Hartford  Eailway  has  for  its  new  73-pound  rail  a  joint  of  the  same  type, 
with  angle  bars  24  inches  long,  secured  by  four  bolts.  The  joint  ties- 
are  8  inches  wide  and  spaced  8  inches  apart  in  the  clear.  The  joint 
appears  to  hold  up  well  under  the  heavy  engines,  but  Mr.  F.  S.  Curtis, 
M.  Am.  Soc.  C.  E.,  the  Chief  Engineer,  is  in  favor  of  a  heavier  angle  bar; 
as  to  the  necessity  of  a  bar  of  much  greater  length,  he  thinks  that  is  still 
a  question.  The  track  of  the  cable  railway  over  the  Brooklyn  Bridge  is 
laid  with  three-tie  joints,  long  angle  bars  and  six  bolts.  , 

Compare  these  joints  with  those  of  European  lines,  on  which  short, 
but  sometimes  deep,  plates,  with  four  bolts,  are  generally  used.  This  is 
due  partly  to  the  average  greater  weight  of  the  rails  and  partly  to  the 
more  secure  fastenings.  The  joints  of  the  Sandberg  100-pound  rails 
have  angle  bars  with  only  four  bolts,  but  the  rail  ends  are  held  down  to 
each  joint  tie  by  two  screws  which  pass  through  the  flange  of  the  angle 
bars.  On  the  Northern  Eailway  of  France,  angle  bars  with  narrow 
flanges  are  used;  the  bars  are  26  inches  long,  with  four  bolts,  and  the 
joint  ties  are  28  inches  apart,  center  to  center.  The  rail  is  secured  to 
each  joint  tie  by  two  broad-headed  screw  spikes.  A  secure  fastening  of 
the  rail  ends  of  the  ties  aids  materially  in  making  a  good  joint. 

The  Thomson  joint  is  to  be  tried  on  the  Pennsylvania  Eailway  in 
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connection  with  Mr.  Thomson's  tie-plate  and  fastening  already  descriljed. 
Each  side  of  the  joint  is  a  heavy  angle  bar  24  inches  long,  projecting 
under  and  suj^porting  the  flange,  but  taking  no  bearing  under  the  head; 
only  two  bolts  are  to  be  used.  It  would  seem,  however,  as  though  bolts 
under  the  rail  would  add  to  its  efficiency.  It  is  safe  to  predict  that  the 
A'ery  use  of  the  imj^roved  fastenings  Avill  save  much  trouble  with  the 
joints.  The  joint  has  also  been  tried  with  72-pound  rails  on  the  Chicago 
and  Northwestern  Railway. 

The  Fisher  joint  has  been  in  use  for  several  years,  and  is  well  known 
to  railway  men.  It  consists  of  a  slightly  cambered  "bridge,"  the  ends 
of  which  rest  on  the  joint  ties;  the  upper  surface  has  a  channel  for  the 
rail  flange,  and  the  fastening  consists  of  a  single  holding  down  y-li^olt; 
the  corners  of  the  rail  flanges  are  cut  off  to  make  room  for  the  bolt,  and 
washers  are  fastened  down  on  the  flanges  by  nuts;  between  the  horizontal 
leg  of  the  bolt  and  the  under  side  of  the  "  bridge  "  is  a  spring  jalate  to 
insure  tightness  of  the  fastenings.  This  joint  dispenses  with  splice  bar 
and  ordinary  joint  l)olts,  and  gives  the  rail  a  continuous  bearing.  The 
Otis  joint  is  a  modification  of  the  Fisher  joint,  designed  to  be  used  with 
ordinary  angle  bars.  The  bridge  is  dispensed  with,  and  the  ends  of  the 
U-bolt  pass  up  through  the  flanges  of  the  bars;  a  small  flat  plate  is 
placed  under  the  rail  ends  between  the  bolt  and  the  rail  flanges. 

The  Cloud  joint  is  a  double  angle  bar  joint;  the  bars  having  a  verti- 
cal web  projecting  below  the  rail,  with  bolts  under  the  rail  connect- 
ing the  webs.  It  would  seem,  however,  as  though  a  bed-plate  would 
add  to  the  efficiency.  Deep  splice  bars,  embracing  the  rounded  lower 
head  of  bull-headed  rails,  or  projecting  vertically  below  flange  rails, 
have  been  used  in  Europe  and  other  countries,  but  I  think  not  with 
bolts  under  the  rail.  The  Long  "truss"  joint  consists  of  a  bed  plate 
resting  on  the  joint  ties,  with  a  transverse  steel  plate  of  arch  section  un- 
derneath; the  sides  of  the  plate  rest  on  two  U -holts,  with  long  hori- 
zontal legs,  parallel  with  the  rails  and  depending  from  the  side  of  the 
bed-plate  between  the  joint  ties,  which  are  about  22  inches  center  to 
center.  A  short  piece  of  angle  plate  is  bolted  to  the  bed  plate  at  each 
side  of  the  rail,  and  a  single  bolt  put  through  at  the  joint.  A  later  form 
of  this  joint  has  wide  angle  bars  15  inches  long,  with  two  joint  bolts; 
on  each  side  of  tha  rail  is  a  U-bolt,  parallel  with  the  rail,  the  ends  of 
which  are  lOj  inches  center  to  center,  while  the  middle  part  is  bent  to 
a  radius  of  6|  inches.     The  ends  pass  up  through  the  bed  plate  and 
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angle  bar  and  are  lield  by  bolts;  a  saddle  piece  5f  inches  long  rests  on 
these  bolts  transversely  under  the  rail.  This  joint  is  reported  to  be  in 
service  and  to  have  given  satisfactory  results.  The  Samson  bar  is  a 
plain  or  angle  splice  bar  thickened  in  the  middle  to  prevent  breaking  at 
the  point  where  splice  bars  usually  fail.  Similar  bars,  with  three 
degrees  of  thickness,  have  been  used  in  Europe. 

The  Cox  rail  joint,  designed  by  Mr.  Cox,  of  the  Pennsylvania  Rail- 
way, consists  of  a  transverse  clamp  used  in  connection  with  an  angle 
bar  joint.  The  clamp  is  in  two  pieces,  each  with  a  hooked  end  holding 
the  flange  of  the  angle  bar,  while  the  lower  parts  meet  under  the  rail 
and  supiwrt  the  rail  flange.  A  single  bolt  j)asses  through  the  two 
pieces  under  the  rail.  This  joint  has  been  in  service.  The  Van  Wie 
joint  consists  of  a  bed  i3late  and  chair,  with  a  horizontal  round  bar  par- 
allel with  the  rail  resting  between  a  clamp  i^late  resting  on  the  chair 
and  the  splice  plate;  on  this  round  bar  are  three  cam-shaped  projec- 
tions, and  by  turning  the  bar  with  a  wrench  a  strong  hold  is  obtained 
on  the  splice  plate.  The  Fennerty  joint  consists  of  a  bed  plate  with  a 
lug  which  holds  one  side  of  the  rail  flange;  on  the  other  side  is  placed  a 
short  angle  plate  bearing  against  the  web  of  the  rail  and  upon  the  rail 
flange  and  bed  plate;  it  is  held  in  place  by  a  flat  horizontal  wedge, 
driven  between  its  outer  edge  and  a  lug  on  the  plate;  a  stud  and  nut  on 
the  wedge  prevent  it  from  wox'king  loose.  The  projaosed  Patterson 
joint  is  another  adaptation  of  a  kev  or  wedge  fastening  for  joints.  The 
Morgan  joint  consists  of  a  base  plate  or  "bridge  "  made  of  a  piece  of 
old  rail  laid  with  the  head  down  and  having  the  ends  swagged  flat  to 
rest  on  the  joint  ties.  Two  ID  clamps  are  used,  the  legs  passing  through 
the  web  of  the  track  and  bottom  rail;  a  single  flat  splice  jjlate  is  used  on 
one  side  of  the  track  rails.  The  spliced-rail  joint  has  the  rail  ends 
halved  together;  the  inner  side  of  one  rail  end  has  tongues  which  en- 
gage with  grooves  in  the  side  of  the  other  rail  end,  so  as  to  jjrevent  inde- 
pendent vertical  play.  The  rails  may  be  bolted  through  the  webs,  or 
may  be  held  by  two  clamps  which  embrace  the  flanges,  and  have  a  thin 
taper  key  which  is  driven  between  the  rail  flange  and  inner  side  of  the 
clamps.  Mr.  C.  C.  Wrenshall,  formerly  of  the  Northern  Pacific,  de- 
signed a  joint  to  be  used  in  connection  with  his  proposed  bridge  rail, 
which  consisted  of  a  piece  of  rail  12  inches  long,  placed  between  the 
ends  of  the  rails  and  securely  fastened  to  a  bed  plate;  the  idea  is  that  as 
"the  wear  from  pounding  occurs  just  beyond  the  end  of  the  rail,  in  the 
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direction  of  the  traffic,  this  piece  would  take  the  pounding  and  could  be 
easily  replaced. 

The  bevel  joint,  in  which  the  ends  of  the  rails  are  cut  diagonally,  in- 
stead of  square  to  the  length  of  the  rail,  has  been  tried,  but  ai^parently 
without  much  success.  Whether  a  bevel  joint  with  one  end  overlapping 
the  other  has  ever  been  tried  I  do  not  know.  A  device  to  hold  the  rail 
ends  at  the  same  level  is  a  five-bolt  joint  used  in  India,  the  middle  bolt 
passing  through  an  aperture  made  by  notching  the  webs  of  the  rails  at 
the  ends. 

The  bolts  used  are  a  very  important  feature  in  the  making  and  main- 
taining of  good  joints.  In  some  cases  the  bolt  gets  slack  by  the  wearing 
of  the  head,  owing  to  the  head  being  too  small  or  light,  while  the  nut 
might  be  quite  tight.  In  riveted  work  the  rivets  are  given  a  certain 
diameter  and  thickness  of  head  to  secure  a  firm  bearing,  but  the  bearing 
of  the  head  of  a  track  bolt  is  often  very  small.  In  this  respect  the  tee- 
headed  bolts  appear  to  present  advantages  over  the  ordinary  button- 
headed  bolts.  The  use  of  bolts  with  the  Harvey  grip  thread  enables 
nut  locks  to  be  disjDensed  with  in  many  cases,  thus  reducing  the  number 
of  parts,  while  giving  a  tight  and  secure  fastening.  Such  bolts  are  in 
use  on  a  number  of  roads,-  but  where  a  nut  lock  is  to  be  used  one  of  the 
best  forms  is  the  Stark  lock,  with  which  a  U  spring  pin  slides  in  a 
groove  formed  by  a  groove  in  the  bolt  and  nut;  by  the  use  of  eight 
grooves  in  the  nut  a  j)ositive  lock  is  obtained  for  every  one-eighth  turn; 
the  end  of  the  spring  pin  is  turned  up  to  catch  in  the  thread  of  the  nut. 
Oval  bodied  track  bolts  are  coming  into  extensive  use,  and  this  form  of 
bolt,  with  the  Harvey  grip  thread,  has  been  adopted  by  the  Northern 
Pacific  Railway  as  the  standard  track  bolt,  after  experimenting  with 
various  forms  of  nut  locks.  Mr.  C.  C.  Wrenshall,  formerly  of  the 
Northern  Pacific,  says:  "If  you  want  the  splices  to  hug  the  rail  ends 
with  a  '  death  grip  '  during  the  passage  of  rolling  stock,  then  avoid  all 
elastic  substances  or  springs  of  any  kind;  bolt  up  tight  with  a  metal 
strain  of  about  10  000  pounds  per  square  inch,  and  use  the  Harvey  grip 
thread,  so  that  the  nut  will  stay  where  you  put  it  and  be  what  it  seems 
to  be,  a  tight  fit."  The  Northern  Pacific  bolts  and  nuts  are  shown  on 
one  of  the  plates.  The  Harvey  bolt  has  a  ratchet  thread,  undercut  on 
the  bearing  side;  the  nut  has  also  a  ratchet  thread,  the  bearing  side  of 
which  is  at  right  angles  to  the  axis  of  the  nut.  When  the  nut  is  screwed 
home  against  the  angle  bar  the  bolt  threads  are  forced  out  into  the  nut 
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threads  so  as  to  fill  them  completely  and  make  a  tight  fit.  The  nut  has 
the  bolt  hole  enlarged  at  the  bearing  face,  so  as  to  inclose  and  protect 
the  bolt  threads  from  the  rubbing  or  pounding  action  of  the  angle  bars  in 
service,  thus  insuring  good  threads  to  screw  the  nut  upon  when  the 
joint  becomes  loose  from  wear  of  the  angle  bars.  The  "Ideal"  nut 
(Reading  Bolt  Works)  for  this  bolt  is  square  at  one  end,  with  the 
corners  rounded  or  chamfered  off  towards  the  other  end;  it  is  said  to 
give  a  better  bearing  for  the  wrench,  which  will  not  slip. 

As  regards  broken  or  even  joints,  it  may  be  noted  that  a  number  of 
xoads  with  the  heaviest  traffic  and  best  tracks  have  the  rails  laid  to 
break  joint.  As  regards  suspended  or  supported  joiuts,  the  three-tie 
supported  joint  is  certainly  giving  excellent  results  on  tracks  carrying 
the  heaviest  traffic.  Where  suspended  joints  are  used,  however,  as  they 
are  now  used  quite  extensively,  it  certainly  seems  reasonable  to  suggest 
that  some  i^lan  of  base  support  must  be  given  if  this  part  of  the  track  is 
to  be  as  good  and  as  stable  as  that  at  the  middle  of  the  rails,  especially 
as  one  of  the  principal  objects  of  the  joint  is  to  keep  the  ends  of  the  two 
rails  at  exactly  the  same  level.  The  use  of  a  good  and  efficient  fasten- 
ing of  the  rails  to  the  ties  will  very  much  reduce  the  trouble  with  the 
joints,  as  it  reduces  the  leverage  of  the  rail  end.  With  an  ordinary  spike 
fastening  on  an  ordinary  track  the  rail  end  has  considerable  vertical 
play,  and  the  splice  bars  and  bolts  are  relied  on  to  resist  the  strain  and 
hold  the  rail  ends  in  position.  With  a  secure  fastening,  however,  the 
leverage  is  limited  to  the  distance  between  the  joint  tie  fastening  and 
the  rail  end. 

Those  interested  in  the  subject  of  joints  should  read  a  paper  by  Mr. 
Max  J.  Becker,  Past  President  Am.  Soc.  O.  E  ,  on  "  Why  do  Rail  Joints 
and  Splice  Bars  Break?  "  read  in  1885  before  the  Engineers'  Society  of 
Western  Pennsylvania. 

Frogs. 

Frogs  are  responsible  for  many  track  accidents,  and  the  general 
practice  of  cutting  the  main  track  rails  at  every  insignificant  side  track 
is  much  to  be  deplored,  especially  on  lines  with  fast  and  heavy  traffic. 
Safety  frogs  have  been  devised,  in  which  the  side  track  is  gradually 
elevated  so  as  to  carry  the  wheel  flanges  clear  over  the  head  of  the  inner 
main  track  rails;  a  movable  i^iece,  operated  in  connection  with  the 
movement  of  the  switch  bridges  the  gaj)  over  the  main  rails  when  the 
side  track  is  in  use.     In  this  way  the  main  track  is  unbroken  at  the 
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crossing  of  the  turnout  track.  The  Wharton  switch  includes  a  device 
of  this  kind.  Mr.  Charles  Price,  of  the  Allegheny  Valley  Eailway,  has 
also  designed  a  similar  arrangement,  which  has  been  tried  on  his  road. 
The  use  of  these  devices,  however,  introduces  a  danger  in  the  case  of 
trains  running  at  high  speed,  as  the  rapid  elevation  of  the  inner  rail  of 
the  side  track  (outer  rail  of  turn-out  curve)  on  the  sharp  curve,  is  liable 
to  cause  a  derailment;  this  might  be  avoided  by  also  elevating  slightly 
the  other  rail  of  the  side  track,  so  as  to  present  only  a  short  ascending 
grade  to  trains  leaving  the  main  track.  Devices  with  movable  hinged 
or  sliding  rails  have  also  been  introduced  to  some  extent.  The  Parsons 
frog  consists  of  a  pivoted  piece  of  rail  at  the  intersection  of  the  track 
rails;  this  piece  being  long  enough  to  reach  beyond  the  intersection  to 
a  jjoint  where  the  distance  between  the  rail  heads  is  sufficient  to  allow 
the  passage  of  the  wheel  flanges.  The  rail  ends  and  the  movable  rail 
are  mounted  on  an  iron  bed  plate,  and  the  pivoted  piece  is  moved  to 
connect  one  or  other  of  the  two  lines  of  track  rails.  The  frog  is  oper- 
rated  by  a  shaft  under  the  bed  plate,  which  has  a  worm  screw  gearing 
with  a  portion  of  a  nut  under  the  rail;  this  shaft  is  connected  by  a  wire 
or  rod  with  the  switch  stand,  so  that  the  frog  and  switch  are  operated 
together.  The  Hoyt  frog  consists  of  two  short  pieces  of  rail,  arranged 
in  the  form  of  a  V,  bolted  to  a  steel  plate  which  slides  on  a  steel  bed 
plate;  lugs  on  the  bed  plate  limit  the  travel  of  the  slide  and  prevent 
any  lateral  motion  by  the  wheels  of  passing  trains.  The  sliding  frog  is 
operated  in  connection  with  the  switch.  A  frog  known  as  the  Wuerpel 
and  Taussig  automatic  frog,  used  on  the  St.  Louis  Bridge  and  Tunnel 
Eailway,  consists  of  a  movable  rail  pivoted  at  the  intersection  of  the 
track  rails,  with  the  free  end  pointing  towards  the  switch  and  connect- 
ing with  the  main  or  side  track  rails  according  to  the  position  of  the 
switch,  with  which  it  is  connected.  A  point  to  be  considered  in  adopt- 
ing a  safety  frog,  is  whether  it  is  possible  for  a  wild  train,  or  one  back- 
ing down  on  a  misplaced  switch,  to  pass  safely  over  the  frog.  Safety 
frogs,  or  substitutes  for  frogs,  of  varioiis  kinds  are  in  experimental  use, 
but  they  should  be  extensively  adopted,  especially  on  important  lines. 

Switches. 

During  the  past  few  years  there  has  been  a  very  marked  improve- 
ment in  switch  apparatus,  and  a  very  extensive  adoption  of  the  improved 
appliances ;  but  there  is  still  urgent  necessity  for  their  further  introduc- 
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tion,  and  there  is  also  room  for  further  improvement  in  the  apparatus 
to  extend  its  efficiency  and  usefulness.  Split  switches  only  should  te 
used  in  ordinary  practice,  and  facing  switches  should  be  avoided  as  far  as 
possible.  The  Boston  and  Albany  Railway  uses  split  switches  through- 
out, and  has  advanced  the  safety  of  its  main  track  by  locating  them  all  as. 
trailing  sAvitches  in  the  direction  of  the  traffic.  This  increases  the  work 
of  freight  train  switching,  of  course,  as  trains  have  to  run  past  the 
switch  and  then  back  down  on  the  side  track,  but  this  extra  work  is  far 
outbalanced  by  the  assurance  of  safety  in  the  oj)eration  of  fast  passenger 
service.  On  other  roads  investigation  will  often  show  that  it  is  possible 
to  materially  reduce  the  number  of  facing  switches.  All  main  track 
switches,  at  least,  should  be  protected  by  and  interlocked  with  distant 
signals,  as  well  as  a  signal  at  the  switch;  and  they  should  also  be  fitted 
with  a  locking  apparatus  to  hold  the  switch  rails  firmly  in  position;  this 
apparatus  also  should  be  so  connected  with  the  signal  aj^pai-atus  that 
unless  the  switch  rails  are  properly  locked  the  signal  cannot  stand  at 
track  clear.  It  should  also  be  made  impossible,  by  the  use  of  a  detector 
bar  or  other  means,  to  move  the  switch  while  the  train  is  passing  over 
it.  Several  different  forms  of  split  switches  are  in  use,  and  numerous 
devices  intended  to  improve  uj^ou  the  ordinary  switch  are  being  de- 
signed from  time  to  time.  The  point  of  the  switch  rails  should  not  be 
too  thin,  and  should  be  well  housed  under  the  head  of  the  stock  rail. 
The  switch  rails  should  be  connected  by  sufficient  tie  rods,  and  the  use 
of  some  such  device  as  that  in  the  Lorenz  switch,  to  enable  trains  to 
trail  though  a  closed  switch,  will  effect  an  economy  in  repairs.  The 
chairs  for  the  sliding  rails  should  be  of  amjile  size  and  firmly  secured  to 
the  ties  and  stock,  rails.  A  good  method  for  insuring  the  accurate  main- 
tenance of  the  gauge  is  to  lay  on  the  tie  near  the  point  of  the  switch  rails 
an  iron  plate  long  enough  to  carry  both  rail  chairs,  the  spikes  or  other 
fastenings  passing  through  the  chair  and  jalate  into  the  tie.  Guard  rails 
at  facing  switches  also  provide  an  additional  safety  for  trains.  The  bal- 
last between  the  rails  at  switches  should  be  kept  well  below  the  level  of 
the  top  of  the  ties,  so  as  to  minimise  the  danger  of  stones  or  gravel  get- 
ting between  the  switch  and  stock  rails,  and  so  interfering  with  the 
action  of  the  switch.  The  ballast  should  also  be  kept  clear  from  all 
moving  parts,  such  as  tie  rods,  safety  tie  rods,  bell  cranks,  connecting 
rods,  etc.  Where  possible  it  may  be  well  to  box  in  such  moving  parts. 
As  to  stub  switches,   these  should  be  entirely  abandoned  for  main 
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tracks  without  delay,  and  even  on  side  tracks  they  should  be  gradually 
replaced  with  split  switches.  This  form  of  switch  is,  however,  still  ex- 
tensively used  in  main  tracks,  though  it  is  now  generally  considered  to 
be  bad  practice  to  use  it  in  such  positions. 

The  Parsons  switch  is  arranged  to  be  operated  by  levers  on  the  en- 
gine, so  that  the  engine  driver  can  set  the  switches  right  for  his  train  as 
he  goes  on,  and  if  anything  prevents  the  action  of  the  switch  the  levers 
are  caught  by  a  track  arrangement,  causing  the  application  of  the  brakes 
and  the  opening  of  the  whistle  valve.  This  device  is  intended  to  be 
used  in  connection  with  an  automatic  block  system,  which  is  explained 
as  follows: 

The  Dunn  safety  switch,  which  is  a  combination  stub  and  split 
switch,  is  being  experimented  with  on  the  Minneapolis,  Lyndale  and 
Minnetonka  Eailway.  There  are  two  sets  of  converging  switch  rails, 
with  a  wrecking  block  filling  between  them.  In  case  of  the  switch  being 
misplaced,  or  of  a  main  line  train  coming  upon  the  switch  set  for  the  side 
track,  the  wheels  run  upon  the  wrecking  block  and  are  guided  to  the 
track  rails,  a  groove  in  the  head  of  the  rail  allowing  the  flange  to  pass. 
Satisfactory  results  have  been  reported  of  the  trials  made  with  this 
switch. 

"  A  long  freight  train  coming  down  the  main  track,  with  an  express 
in  its  rear,  which  wishes  to  make  a  siding,  is  obliged,  under  present 
circumstances,  to  come  to  a  full  stop,  and  send  a  brakeman  ahead  who 
has  to  throw  the  switch.  .  Then  the  train  starts  from  a  dead  stand  still, 
and,  in  endeavoring  to  get  on  the  siding,  is  not  only  liable  to  get  stuck, 
but  in  the  five  miniites  of  the  time  consumed  is  liable  to  be  struck  in  the 
rear  by  the  following  express.  Now,  by  this  system,  as  the  freight  train 
comes  down  the  main  line,  it  sets  a  signal  and  block  one  mile  to  the  rear 
of  the  siding.  Coming,  along  with  full  headway,  the  engineer  m  the  cab 
of  his  engine  throws  open  his  switch,  enters  upon  the  siding,  and  not  until 
the  last  car  of  his  train  is  clear  on  the  siding  does  he  allow  the  oncoming 
express  to  pass  the  block  one  mile  to  the  rear  of  the  switch.  The  freight 
engineer  running  upon  the  siding  also  closes  his  switch  automatically, 
leaving  the  road  entirely  clear  for  the  express." 

Whether  we  shall  ever  come  to  the  use  of  a  systeai  which  throws  the 
operation  of  a  road  and  its  train  service  into  the  hands  of  the  engine 
drivers  is  a  question.  As,  however,  signals  and  signal  operators  would 
still  be  necessary  to  insure  safety  in  operation,  it  would  certainly  appear 
better  to  give  the  operators  control  over  the  switches.  The  above  sys- 
tem might  be  applicable  in  certain  cases,  and  for  side  tracks  distant  from 
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a  signal  station,  but  the  cost  of  track  and  engine  appliances  would  be 
too  great  for  use  for  such  few  cases,  and  it  would  probably  be  of  little 
advantage  to  give  the  engine  drivers  control  of  a  few  of  the  switches  on 
a  line.  Distant  signals  should  certainly  be  provided  for  such  side 
tracks  as  mentioned,  used  in  regular  freight  train  service,  but  it  would^ 
probably  be  better  to  manage  the  switch  generally  in  a  way  somewhat 
similar  to  that  used  in  Australia,  as  described  under  the  heading  of 
*' Signals  and  Interlocking." 

Signals  and  Inteelocking. 

Railways  with  even  an  ordinary  amount  of  traffic  cannot  be  operated 
with  a  i^roper  degree  of  safety  unless  equipped  with  signals,  and  the 
greater  the  traffic  the  more  urgent  is  the  necessity  for  the  use  of  such 
equipment,  not  only  to  insure  efficient  and  safe  train  service,  but  also  to 
facilitate  the  prompt  handling  of  the  traffic.  As  the  majority  of  signals 
are  used  in  connection  with  switches  they  may  fairly  be  mentioned  here. 
In  signals,  as  in  switches,  great  improvements  have  been  made,  and 
their  use  widely  extended,  but  there  is  still  an  enormous  field  for 
their  introduction,  as  accidents  occur  contintially  at  places  which  should 
have  been  protected,  especially  at  switches.  Every  switch  on  a  main 
line  should  be  thus  protected,  as  they  are  all  about  equally  dangerous, 
whether  at  a  crowded  yard  or  a  country  side  track. 

In  this  country,  where  trains  are  run  close  together,  as  in  cases  where 
regular  trains  are  so  heavy  as  to  be  sent  out  in  two  or  more  sections,  the 
engine  drivers  are  supposed  to  maintain  an  interval  of  time  between 
trains.  On  the  New  York  Central  and  Hudson  River  Railway  the  time  at 
which  each  train  passes  a  telegraph  station  is  indicated  by  displayed 
figures,  which  are  illuminated  at  night ;  this  method  has  failed,  however, 
by  a  train  breaking  down  between  telegraph  stations,  and  a  following 
train,  running  according  to  the  time  displayed  at  the  last  station,  running 
into  it.  The  Fontaine  "time  interval ''signal  consists  of  a  pointer  and 
graduated  scale  or  dial;  a  clock  work  arrangement  is  set  going  by  the 
wheels  of  a  train  passing  over  a  lever,  and  the  pointer  registers  up  to 
twenty  minutes,  when  it  returns  to  zero.  An  apparatus  consisting  of  a 
strong  glass  tube  with  a  colored  fluid  indicating  the  length  of  time  by  its 
height  in  the  tube,  has  also  been  devised.  It  has  been  i^roved,  however, 
over  and  over  again,  and  by  serious  accidents,  that  it  is  not  possible  to 
insure  safety  in  the  train  service  by  the  "time  interval"  system,  as  an 
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accident  which  delays  a  leading  train  -will  rapidly  reduce  the  interval 
■without  the  knowledge  of  the  men  in  charge  of  the  following  train.  An 
interval  of  sjiace  is  the  only  sure  means  of  preventing  accidents  by  col- 
lision, and  this  interval  is  maintained  by  the  operation  of  the  block  system. 
The  line  is  divided  into  a  number  of  sections  with  signals  at  each  end,, 
and  no  train  is  allowed  to  enter  upon  a  block  section  until  the  train  ahead 
has  passed  on  to  the  next  block.  This  is  the  "  absolute  block  "  system. 
With  the  "  permissive  block  "  system,  the  signal  man  may,  under  certain 
circumstances,  admit  a  second  train  upon  the  section,  distinctly  warning 
those  in  charge,  however,  that  the  section  is  not  clear.  Mr.  Charles  R. 
Johnson,  President  of  the  Johnson  Railway  Signal  Company,  states  in 
his  jDreface  to  the  company's  catalogue,  that  interlocking  signals  were 
first  introduced  in  the  United  States  on  the  New  York  Central  and  Hud- 
son River  Railway.  Mr.  Toucey,  General  Superintendent,  and  Mr. 
Buchanan,  Superintendent  of  Motive  Power,  recognizing  the  advantage 
of  concentrating  switches  as  much  as  possible,  so  that  they  could  be  con- 
trolled from  a  central  point,  devised  an  interlocking  machine;  the  first 
one  was  put  in  at  the  Spuyten  Duyvil  Junction,  New  York  City,  in  1874, 
and  remained  in  service  until  1888.  The  Pennsylvania  Railway  sent  to 
England  for  a  Saxby  and  Farmer  machine,  which  was  put  in  at  the  East 
Newark  Junction,  on  the  New  York  and  Philadelphia  division,  in  1875. 

As  to  the  form  of  signals,  the  semaphore  type  is  the  one  generally 
approved,  and  is  almost  universally  adopted  in  all  parts  of  the  world. 
Various  other  forms  of  signals,  however,  are  still  in  use  in  this  country. 
The  adoi^tion  of  a  uniform  type  of  signals  is  most  desirable,  and  also  the 
adojDtion  of  a  uniform  code  of  orders  conveyed  by  the  signals,  as  the  use 
of  different  meanings  for  the  same  position  of  the  signal  arm  or  lights  is 
liable  to  lead  to  accident  by  confusing  engine  drivers  who  have  worked 
on  different  roads.  A  uniform  color  and  form  of  the  arm  is  also  desira- 
ble. Distant  signals  should  have  forked  or  swallow-tail  arms,  to  distin- 
guish them  from  the  l^ome  signals.  It  Avill  not  be  easy  to  obtain  such  a 
uniform  system  as  suggested,  but  it  can  be  gradually  introduced  by 
adopting  certain  standards  to  which  the  railways  will  conform  in  time. 
The  signals  should  be  placed  in  conspicuous  places,  and  care  should  be 
taken  to  insure  a  clear  view  and  a  good  background.  They  should  be 
so  arranged  as  to  fly  to  "  danger"  in  the  event  of  the  switch  being  tam- 
pered with  or  forcibly  opened,  and  also  arranged  so  that  they  cannot 
indicate  "track  clear"  unless  the  switch  rails  are  proj^erly  set  and 
securely  locked. 
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Numerous  attemj^ts  have  been  made  to  make  the  night  signals  more 
distinet  and  significant  than  the  ordinary  single  lantern  showing  a  light 
of  different  color  according  to  the  position  of  the  signal  arm.  In  the 
Koyl  parabolic  semaphore,  the  arm  is  bent  to  a  parabolic  curve,  in  plan, 
and  has  on  its  face  a  strip  of  glass  with  its  surface  roughened  to  catch 
and  reflect  the  light  from  the  sun  by  day  and  the  light  of  the  lamp  by 
night.  The  arm  is  painted  red,  so  that  by  day  it  resembles  an  ordinary 
semaphore,  except  that  it  is  very  bright.  The  glass  side  of  the  signal 
lantern,  facing  towards  the  arm,  has  the  upper  half  red  and  the  lower 
half  white,  so  that  at  the  "danger"  position  the  engine  driver  sees  a 
horizontal  beam  of  red  light,  while  at  the  "track  clear"  position  he  sees 
a  downward  line  of  Avliite  light,  as  reflected  on  the  arm.  This  signal, 
manufactured  by  the  National  Switch  and  Signal  Company,  has  been  in 
service  oa  several  roads  and  has  given  satisfactory  results.  The  Union 
Switch  and  Signal  Company  has  an  illuminated  signal  consisting  of  a 
hollow  "  box  "  arm  having  a  glass  slip  in  the  side  and  reflectors  to  throw 
the  light  into  the  "box  "  from  a  lanteru  near  the  pivot  of  the  arm  ;  col- 
ored glasses  moving  in  front  of  the  lantern,  in  accordance  with  the 
movement  of  the  arm,  cause  a  change  of  color  of  the  reflected  light  for 
different  positions.  On  the  Boston  and  Albany  Railway  and  the  Old 
Colony  Railway,  systems  are  in  use  by  which  two  lights  in  a  horizontal 
line  are  shown  when  the  arm  is  horizontal  or  at  "  danger,"  and  two  lights 
in  a  vertical  line  when  the  arm  is  dropped  to  the  "track  clear  "position  ; 
the  lights  are  of  diflferent  colors. 

Home  and  distant  and  starting  signals  shoiild  be  placed  at  stations, 
to  protect  trains  standing  at  the  platforms.  At  yards  and  side-tracks  all 
switches  should  be  fitted  with  clearly  distinguishable  ground  signals  to 
facilitate  the  operations  of  switching;  and  there  should  also  be  the  reg- 
ular home  and  distant  signals  to  protect  the  entrance  to  the  yard  or 
side-track.  Signals  should  also  be  used  to  protect  dangerous  places, 
such  as  sharp  curves  in  deep  cuts,  as  accidents  are  continually  occurring 
at  such  places.  Automatic  signals  would  be  most  suited  for  these 
locations. 

Railway  grade  crossings  should  be  thoroughly  protected  by  signals, 
and  should  also  have  a  derailing  switch  and  a  blind  side-track  for  trains 
which  run  past  the  danger  signal.  It  may  not,  however,  always  be 
pi'acticable  to  use  a  derailing  switch,  as  for  instance,  where  there  are 
more  than  two  tracks  it  might  cause  a  crossing  collision.     On  the  Le- 
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high  Valley  Eailway  a  torpedo-placing   signal,  operated   in   connection 
with  the  semaphore,  is  used  to  obviate   the   use  of  a  derailing    switch. 
This  torpedo  signal  is  one  of  the  National  Switch  and  Signal  Company's 
specialties.     It  is,  however,  only  a  precaution  and  not  a  preventive.     A 
device  which  promises  well  for  such  cases,  but  which  has  only  been 
tried  as  an  experiment  on  the  Old  Colony  Eailway,  is  the  Rowell  auto- 
matic stop.     It  consists  of  an  iron  plate  forming  an  inclined  plane  at 
the  side  of  the  rail;  on  the  engine  a  pipe  connected  with  the  train  brake 
is  laid  to  the  front  end,  where  a  cock  is  placed  with  a  pendent  rod  hang- 
ing from  its  handle;  when  the  signal  arm  is  at   "danger"  the  inclined 
plane  is  thrown  into  position,  and  by  throwing  up  the  rod  on  the  engine 
opens  the  cock  and  applies  the  brakes.     The  necessary  equipment  is 
simple  and  inexpensive.     This  device  may  be  used  separately  as  a  port- 
able signal  to  prevent  accidents  in  case  of  a  breakdown,  repairs  to  track, 
etc.     Another  device  consists  of  a  movable  rod  on  the  signal  post,  which 
projects  over  the  track  and  sti'ikes  a  catch  or  breaks  a  glass  tube  on  the 
engine,    setting  the  brakes.     Derailing  switches  should   also   be   used 
at   drawbridges.      Highway   grade   crossings  should   be   protected   by 
visible   or   audible   signals   in   addition   to    the   usual  signboards,  but 
few,    if  any,    such   signals  have    yet  given   any   reasonable    degree   of 
certainty  in  action;  the  signal  failing  at  some  critical  time,  or  by  its 
uncertainty  leading  to  its  being   disregarded.     Without   actual   tria  , 
however,  no  i^ractically  reliable  a^jparatus  can  be  expected,  and  trials  of 
different  devices  are  now  in  jprogress  on  some  roads.     The  Board  of 
Railroad  Commissioners  of  the  State  of  New  York,  in  their  report  for 
1885,  under  the  head  of  "  Safety  Apiiliauces,"  referred  to  this  matter, 
and  gave  the  following  sound  advice: 

"The  occasional  failure,  from  whatever  cause,  be  it  neglect,  mali- 
cious interference  or  inherent  defect,  seriously'  impairs  its  usefulness 
as  a  sole  warning.  It  is  like  the  man  who  is  known  to  not  always  tell 
the  truth.  The  periodic  lie  suffices  to  throw  suspicion  on  every  state- 
ment he  makes.  As  a  general  proposition,  and  after  watching  the 
results  with  much  care,  the  Board  is  satisfied  that  automatic  apjjara- 
tus,  whether  electric  or  mechanical,  shoiild  serve  only  to  supplement 
human  watchfulness,  not  to  supersede  it.  In  the  former  capacity  it  is 
invaluable,  serving  to  keep  men  alert  and  to  remind  them  of  their 
duties;  in  the  latter  it  is  more  dangerous  even  than  unaided  human  care 
with  all  its  proverbial  weakness  and  f allijjility. " 

Audible  signals  are  sometimes  used  in  connection  with  visible  sig- 
nals, as  the  toi'i^edo  machine  already  referred  to,  in  which  the  operation 
of  setting  the  signal  at  "  danger  "  causes  an  arm  having  a  torpedo  at  its 
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extremity  to   project  over  the  rail.     Arrangements  for  automatically 
sounding  the  engine  whistle  have  also  been  devised, 

Within  a  comparatively  recent  date  electricity  has  come  into  prac- 
tical use  as  a  vahiable  adjunct  to  signaling  operations,  and  experiments 
are  being  made  to  farther  extend  the  field  for  the  application  of  this 
power.  It  is  sometimes  claimed  that  it  is  too  uncertain  in  action,  but  I 
think  the  science  of  practical  electricity  has  reached  such  a  degree  of 
perfection  that  it  can  be  relied  upon  for  certain  work.  It  is  largely  used 
in  connection  with  switch  and  signal  interlocking  apparatus,  in  some 
cases  for  very  extensive  plant,  and  is  also  in  use  for  automatic  block  and 
other  signals.  Various  systems  of  electrical  signaling,  more  or  less 
complicated,  have  been  devised,  some  of  which  are  intended  to  be  abso- 
lutely or  nearly  automatic,  and  in  some  of  which  it  is  pro^DOsed  to  use 
electricity  not  only  to  operate  the  ordinary  signals  but  also  to  supple- 
ment them  by  visible  or  audible  signals  in  the  engine  cab  or  on  the 
train.  "While  it  is  probable  that  the  use  of  electricity  in  signaling  will 
be  considerably  extended,  the  remarks  of  the  Railway  Commissioners, 
quoted  above,  are  decidedly  pertinent  in  connection  with  the  proposed 
comprehensive  automatic  systems.  The  Sykes  system  of  electro-me- 
chanical block  signaling,  in  which  the  art  of  signaling  is  brought  to  a 
high  degree  of  elaboration  and  perfection,  is  in  use  on  the  New  York 
Central  and  Hudson  River  Railway,  the  New  York,  New  Haven  and 
Hartford  Railway,  and  the  New  York,  Lake  Erie  and  Western  Railway. 

Compressed  air  is  also  successfully  api^lied  to  complicated  signal 
operations;  this  system  is  a  specialty  of  the  Union  Switch  and  Signal 
Company.  A  compressor  is  located  at  the  signal  cabin  and  the  air  con- 
veyed in  pipes  to  and  up  the  signal  posts  to  the  apjaaratus  which  operates 
the  semaphore  arm;  electricity  is  used  in  connection  with  this  apparatus. 
The  pneumatic  system,  as  well  as  the  electrical  system,  of  signaling, 
includes  the  interlocking  of  switches  and  signals. 

The  Old  Colony  Railway  uses  special  electric  signals  at  some  road 
crossings,  including  two  highways  at  Brockton,  Mass.,  these  streets 
being  occupied  by  an  electric  street  railway.  These  signals  display  a 
red  target  when  in  the  normal  position,  and  a  white  target  only  when 
cleared  by  the  closing  of  the  electric  currents  by  the  gatemen.  This 
road  has  illuminated  arms  for  some  of  the  switch  signals,  the  line  of 
light  showing  the  position  of  the  arm.  Very  complete  signal  equipment 
is  in  use  to  insure  efficiency  and  safety  in  ojjerating  the  heavy  traffic. 
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Interlocking  apj)aratus  and  derailing  switches  are  also  used  at  several 
junctions  and  other  points.  The  distant  signals  are  located  1  000  to  1  500 
feet  from  the  home  signals.  On  some  sections  the  automatic  electric 
block  signal  system  is  in  use. 

At  sharp  curves  on  city  elevated  railways  signals  are  sometimes  used, 
023erated  automatically  or  by  a  sigaal  man,  to.  indicate  if  the  track  is 
clear.  An  automatic  block  signal  system,  specially  adapted  for  city 
elevated  and  suburban  railways,  has  been  designed  by  Mr.  Black,  Eoad- 
master  of  the  Manhattan  Railway  (Elevated)  of  New  York.  Signal 
posts,  with  a  signal  arm  or  target  on  each,  are  placed  at  intervals  along 
the  track,  and  are  operated  by  track  levers  moved  by  the  wheels  of 
trains.  A  train  passing  one  of  these  signals  sets  it  at  "danger,"  and  at 
the  same  time  releases  the  last  signal  behind.  The  signal  thus  set  will 
remain  at  "danger "  until  automatically  released  by  the  train  passing 
the  next  signal  ahead.  This  system  is  in  use  on  elevated  railways  in 
New  York  and  Brooklyn,  and  on  the  Suburban  Rapid  Transit  Railway 
of  Stateu  Island. 

The  interlocking  of  switches  and  signals  is  one  of  the  most  import- 
ant advances  in  the  improvement  of  railway  track  equipment,  and  is 
necessary  in  order  to  obtain  the  full  efficiency  of  the  signal  system  in 
insuring  safety  and  rapidity  in  the  oi^eration  of  heavy  traflSc.  This 
class  of  ajjiaaratus  has  been  brought  to  a  high  degree  of  perfection,  and 
it  has  been  developed  into  very  comprehensive  working.  Explanations 
and  diagrams  tend  somewhat  to  convey  the  impression  that  the  appara- 
tus is  extremely  complicated,  but  the  successful  operation  under  severe 
conditions  of  service  for  a  long  period  of  time  has  proved  its  practical 
value.  The  subject  of  interlocking  is  referred  to  by  the  Railway  Com- 
missioners of  some  States  in  their  annual  rejooi'ts.  In  Euioj)e  very  com- 
plete systems  of  interlocking  are  adopted,  with  a  very  complete  signal 
equipment,  owing  to  the  great  amount  of  traffic  to  be  handl9d.  In 
Australia,  the  system  is  widely  used  on  some  of  the  government  lines, 
as  will  be  seen  by  the  following  extract  from  a  report  by  the  United 
States  Consul  at  Sydney,  New  South  Wales: 

"  The  semaphore  system  of  signaling  is  principally  used,  every  sta- 
tion and  junction  having  home  and  distant  signals.  Interlocking  sys- 
tems, similar  to  those  in  use  in  England,  are  adoi)ted  at  all  stations  on 
the  main  suburban  lines  and  on  the  principal  country  lines.  A  sj)ecial 
arrangement  for  interlocking  is  employed  at  sidings  where  no  one  is  in 
charge.     When  the  sidings  are  not  in  use,  the  main  line  -signals  indicate 
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that  the  track  is  clear  and  the  levers  of  the  apjjaratus  are  locked  up  so 
that  they  cannot  be  tampered  with.  Conductors  requiring  to  switch 
onto  the  side  track  are  provided  with  a  key  to  unlock  the  apparatus, 
and  they  must  then  fix  all  necessary  signals  before  they  can  open  the 
switch.  When  the  switching  is  finished  the  conductor  must  close  and 
fasten  the  switch  before  he  can  lower  the  main  line  signals  to  show 
'  track  clear,'  and  these  signals  must  be  lowered  before  the  key  can  be 
taken  out  of  the  lock  of  the  case  which  covers  the  levers.  At  small  sid- 
ings, which  can  conveniently  be  switched  by  trains  carrying  the  time 
staflf,  fixed  signals  ai'e  used.  All  sidings  in  direct  communication  with 
the  main  track  ai-e  provided  with  either  stop  blocks  or  safety  switches, 
to  prevent  ears  from  being  moved  or  blown  along,  so  as  to  foul  the  main 
track." 

In  all  apparatus  for  the  operation  and  interlocking  of  switches  and 
signals,  simi^licity  and  uniformity  of  parts  should  be  aimed  at.  It  is  not 
practicable  within  the  limits  of  this  paj^er  to  go  into  details  as  to  the  dif- 
ferent systems  mentioned,  as  such  details  would  contain  matter  for  an 
elaborate  paper  in  itself.  The  subject  is  one  which  has  not  received  suf- 
ficient attention  in  this  country,  but  should  now  be  more  carefully  con- 
sidered as  the  traffic  of  the  railways  increases.  Where  adopted  in  this 
country,  successful  results  have  attended  their  use  at  points  involving 
the  oj^eration  of  a  large  number  of  switches  and  signals. 

To  persons  engaged  or  interested  in  signaling  or  kindred  matters,  I 
would  certainly  recommend  the  perusal  of  the  books  published  by  the 
leading  manufacturers  of  such  plant,  as  many  of  these  books  contain 
clear  and  carefully  written  descriptions  of  the  different  apparatus,  their 
uses  and  advantages,  forming  text  books  on  this  important  subject.  I 
would  also  refer  to  a  paper  by  Mr,  E.  H.  Soule,  on  "Kailway  Signals 
and  Signaling,"  read  before  the  New  England  Railway  Club  and  pub- 
lished in  Engineering  News,  New  York,  December  21st  and  28th,  1889. 

Bkidge  Tkacks. 

The  best  plan  for  carrying  railway  track  over  bridges  is  to  build  the 
bridges  with  solid  floors  and  lay  ballast  over  them  in  the  ordinary  way, 
making  a  continuous  roadbed.  This  system  is  now  being  introduced  on 
the  New  York  Central  and  Hudson  River  Railway,  and  Mr  George  H. 
Thomson,  M.  Am.  Soc,  C,  E.,  Engineer  of  Bridges  of  this  road,  has  the 
honor  of  being  the  pioneer  in  introducing  this  important  improvement 
in  the  United  States.  The  dead  weight  of  the  ballast  and  floor  not  only 
requires  a  heavier  construction  of  the  bridge,  which  in  itself  is  an  ad- 
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vantage,  as  tending  to  diminisli  the  bad  effects  of  the  vibration  caused 
by  trains,  but  the  ballast  also  serves  as  a  cushion  to  absorb  the  motion 
which  causes  this  vibration,  and  in  this  way  materially  diminishes  the 
destructive  effect  upon  substructure  and  superstructure.     The  roadbed 
on  the  abutments  and  for  about  50  to  100  feet  back  from  the  bridge 
should  have  a  depth  of  about  2  feet  of  ballast  under  the  ties,  so  as  to 
give  an  elastic  roadbed  nearly  equal  to   that  of  the   bridge,  in  summer 
and  winter.     In  this  way  the  axles  of  engines  and  cars  will  not  be  subject 
to  the  strains  due  to  passing  abruptly  from  a  track  on  a  hard  frozen 
bank  and  a  rigid  abutment  onto  that  on  a  comparatively  elastic  bridge 
floor,  and  vice  versa.     Of  course,  the  cost  of  the  bridge  is  increased,  but 
it  is  false  economy  to  try  to  save  a  little  in  the  first  cost  of  a  bridge;  and 
the  increased  safety  of  the  track  and  the  greater  durability  of  the  struc- 
ture should  far  outweigh  any  such  considerations  of  seeming  economy. 
The  floor  of  a  bridge  on  the  New  York  Central  and  Hudson  River  Rail- 
way, which  naay  be  taken  to  represent  this  system,  has  a  series  of  trans- 
verse troughs,  built  up  of  plates  and  angle  irons,  the  troughs  being  open 
at  top  and  bottom  alternately,  forming  a  "corrugated"  floor.      These 
troughs  are  16  inches  wide  and  18  inches  deep;  the  ballast  is  filled  into 
the  alternate  ones  and  8  x  8-inch  ties  are  bedded  in  it,  leaving  about  12 
inches  of  ballast  under  the  tie.    Wooden  blocks  placed  between  the  front 
side  of  the  tie  and  the  side  of  the  trough   prevent  the  creeping  of  the 
track.     In  other  cases,  rolled  iron  troughs,  with  flaring  sides,  are  used; 
the  sides  overlapping,  and  bsing  secured  by  a  row  of  rivets;  with  these 
the  floor  is  covered  with  ballast,  in  which  the  ties  are  placed.     For  short 
spans,  the  built-up  troughs  or  rolled  troughs  may  be  placed  longitudin- 
ally, and  in  such  case  the  latter  are  found  the  more  economical.     (See 
Eiigineering  News,  New  York,  March  31,  November  16  and  November  23, 
1889,  for  further  data  respecting  these  bridge  floors.)     The  arrangement 
of  the  floor  can  be  varied  to  suit  diff'erent  cases. 

Solid  iron  floors  for  railway  bridges  are  almost  universally  adopted 
in  England,  generally  with  an  ordinary  road-bed  of  ballast  and  cross- 
ties,  but  sometimes  with  wooden  stringers  under  the  rails  and  no  ballast. 
Buckle  plates  are  there  very  generally  used  for  the  floors.  Different 
forms  of.  longitudinal  or  transverse  troughs  are  also  manufactured  for 
bridge  floors.  Sir  A.  M.  Rendel,  M.  Inst.  C.  E.,  Consulting  Engineer  for 
the  State  Railways  of  India,  has  recommended  the  use  of  corrugated 
iron  floors  covered  with  ballast,  as  being  stronger  and  more  economical 
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thau  the  ordinary  plank  floor,  while  it  increases  the  structural  strength 
of  the  bridge. 

The  engineer,  however,  has  often  to  do  the  best  he  can  with  existing 
structures  and  with  a  small  amount  of  money.  "Where  a  railway  track  is 
laid  over  a  trestle  or  a  bridge  with  the  ordinary  open  floor  system  in 
general  use  in  this  country,  it  should  be  well  protected  by  guard  rails, 
preferably  large  timbers  faced  with  iron,  well  bolted  down  and  braced. 
The  ties  should  be  placed  close  together,  with  spacing  blocks  between 
them  and  should  be  well  fastened  down,  so  that  in  case  of  derailment  the 
ties  will  not  be  bunched  together  and  leave  gaps  for  the  wheels  or 
trucks  to  drop  into.  When  at  Sault  Ste.  Marie,  just  after  the  conven- 
tion of  1888,  I  took  occasion  to  notice  the  guard  rails  on  the  long  bridge 
over  the  river.  The  guard  rails  proper  are  6  x  9-inch  timbers,  laid  flat, 
boxed  out  1  inch  for  the  ties  and  faced  with  an  angle  iron;  the  guard 
rails  are  bolted  to  the  ties  on  the  outside  of  the  track,  and  are  8  inches 
clear  from  the  track  rails.  Along  the  ends  of  the  ties  are  9  x  9-inch 
timbers,  also  boxed  out  for  the  ties.  The  guard  rails  flare  out  on  the 
abutments,  but  the  outer  timbers  end  at  the  bridge  jaortals.  The  Star- 
rucca  Viaduct,  which  is  a  long,  high  masonry  viaduct  on  the  New  York, 
Lake  Erie  and  "Western  Railway,  and  which  has  no  parapet  wall  above 
the  track,  has  inside  guard  rails  of  ordinary  rails.  Similar  guard  rails 
are  used  elsewhere,  and  in  some  cases,  as  on  the  New  York  and  New 
England  Railway,  they  are  extended  some  distance  along  the  approaches. 
The  Michigan  Central  Railway  uses  three  parallel  lines  of  ordinary  rails 
between  the  track  rails.  The  Boston  and  Lowell  Railway  has  its  track 
at  culverts  protected  by  outside  guard  rails  of  ordinary  rails  with  the 
ends  flaring  out  from  the  track. 

All  floors  at  openings,  such  as  at  bridges,  trestles,  culverts,  etc, 
should  be  strong  enough  to  carry  a  derailed  truck,  and  should  be  fitted 
with  guard  rails  sufficiently  strong  to  keep  a  derailed  truck  on  the  struc- 
ture. Rerailing  appliances  should  be  jalaced  on  the  approaches  of  all 
such  structures. 

Tracklaying  and  Maintenance. 

In  order  to  obtain  and  maintain  a  proper  standard  condition  of  track, 
care  is  necessary  in  all  tracklaying  and  maintenance  work.  Special  pains 
should  be  taken  to  see  that  work  is  j^roperly  and  carefully  done  and  fin- 
ished up  in  laying  new  or  heavier  rails,  or  in  putting  in  and  fixing  any 
new  and  improved  forms  of  joints,  fastenings,  frogs,  switches,  or  other 
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track  material  or  appliances,  so  that  a  fair  trial  may  be  made,  enabling 
comparisons  to  be  drawn  between  different  forms  of  track  and  appliances, 
and  so  that  the  best  results  may  be  obtained.  Similar  care  should  be 
taken  in  maintenance,  and  observations  should,  be  made  of  the  behavior 
of  any  new  devices  under  trial.  Careless  work  on  such  improvements  in 
track  may  negative  the  advantages  and  economies  that  might  and  should 
projDerly  be  derived  from  their  use. 

For  track  laid  with  heavy  rails,  and,  in  fact,  any  first-class  track, 
which  is  to  be  raised,  during  maintenance,  the  use  of  track  jacks  will 
enable  better  and  quicker  work  to  be  done  than  by  any  other  means. 
Jacks  are  used  in  EurojJe  for  work  on  lines  with  100-pound  rails,  and 
greatly  facilitate  and  improve  the  track  work. 

Track  laying  by  machinery  is,  of  course,  only  for  rapid  construction, 
and  while  track  laying  machines  have  been  successfully  used  for  such 
work,  yet  this  class  of  track  laying  has  no  relation  to  the  standard  of 
track  or  improvements  in  track  to  whiph  this  paper  refers. 

Inspection. 

Systematic  and  careful  inspection,  with  reports  thereon,  will  aid 
very  much  in  keeping  up  the  standard  of  the  condition  of  the  track, 
and  the  premium  system  adojoted  on  some  roads  gives  an  incentive  to 
the  track  staff  which  is  probably  more  effectual  than  mere  praise  or 
censure.  Wlien  a  new  type  of  track,  or  new  track  appliances  are  being 
tried,  esjiecially  if  the  trial  is  with  a  view  to  adoption,  and  not  merely 
complimentary,  care  should  be  taken  to  see  that  the  conditions  are 
favorable,  to  observe  the  behavior  of  the-  new  work,  and  to  notice  if 
the  new  device  does  the  work  it  is  claimed  and  intended  to  do,  or  if  it 
requires  special  attention  to  keep  it  in  order,  etc. 

In  addition  to  the  regular  inspection  by  the  officers  of  the  road,  a 
number  of  the  leading  railway  companies  have  adopted  the  practice  of 
having  the  track  gone  over  once  or  twice  a  year  by  the  track  inspection 
and  dynagraph  car,  designed  and  operated  by  Mr.  P.  H.  Dudley.  This 
car,  with  its  registering  apparatus,  is  one  of  the  most  interesting  and 
valuable  machines  ever  designed  in  connection  with  railway  work,  but 
its  construction  is  too  intricate  and  its  work  too  detailed  to  be  more  than 
briefly  referred  to  in  this  paper.  The  car  is  hauled  over  the  track  at  a 
moderate  speed,  about  15  to  18  miles  per  hour,  and  its  machinery  regis- 
ters, on  a  continuous  traveling  roll  of  paper,  the  state  of  the  rails,  the 
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condition  of  the  joints,  and  other  matters,  while  low  joints  and  other 
defects  are  marked  by  a  jet  of  paint  thrown  on  the  rail,  so  that  the  fore- 
men of  the  section  gangs  can  see  at  once  where  their  work  is  required. 
This  inspection  and  the  report  compiled  from  the  lines  traced  by  the 
machine  assist  greatly  in  enabling  the  companies'  oflScials  to  decide 
upon  the  necessary  work  to  be  done  in  rejDairs,  renewals,  new  track,* 
etc.,  and  also  in  enabling  the  section  gangs  to  put  the  track  in  proper 
condition. 

Reports  and  Accounts. 

Eeports  on  the  construction  and  condition  of  the  tracks  of  railways 
are  of  great  interest  and  value,  but  are  not  generally  easy  to  obtain. 
Some  of  the  Railway  Commissioners*  reports,  in  the  statements  of 
inspection  or  in  the  returns  furnished  by  the  companies,  give  particu- 
lars of  the  track,  and  these  ^Darticulars  are  very  valuable  for  information 
and  reference,  as  a  matter  of  record.  These  State  Commissioners, 
however,  might  with  advantage  extend  this  branch  of  their  inquiries 
and  reports,  and  the  National  Railway  Commission  of  the  future,  whose 
formation  has  already  been  suggested  iu  this  pajjer  (see  "Government 
Regulation  of  Railways  "),  will  naturally  make  a  special  feature  of  col- 
lecting, compiling  and  preserving  statistics  of  tTiis  kind. 

In  construction  and  in  maintenance,  careful  notes  should  be  made 
and  records  kept  and  tabulated,  to  show  the  work  done,  time  occupied, 
tools  and  materials  used,  items  of  cost,  etc.  In  his  report  to  the  Louis- 
ville and  Nashville  Railway  Company  in  1875,  Mr.  Albert  Fink,  M.  Am. 
Soc.  C.  E.,  then  Vice-President  and  General  Superintendent  of  the 
road,  recommended  the  adoption  of  a  complete,  comprehensive  and 
uniform  system  of  railway  accounting.  The  report  contains,  also,  some 
very  interesting  matter  on  the  subject  of  track  work.  The  accounts  of 
this  road  were  kept  at  that  time  on  the  system  recommended,  and  the 
department  of  "Operating  Expenses"  gave  details  of  the  cost  of  track 
work,  maintenance  and  re^jairs,  prepared  from  the  records  of  the 
various  officers.  (See  A.ppendix  F.)  The  half-yearly  reports  of  the  East 
Indian  Railway  Company,  in  India,  also  contain  much  statistical 
matter  in  relation  to  the  track  and  track  work.  All  work  of  this  kind, 
■which  ijuts  things  on  record,  and  enables  comparisons  to  be  made,  and 
the  relations  between  work,  expenditure  and  results  to  be  clearly  com- 
prehended, tends  toward  the  improvement  of  work  and  methods. 
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Instructions  to  Trackmen. 

The  work  of  the  men  in  actual  charge  of  the  track— the  roadmasters^ 
section  bosses  and  foremen — carries  a  considerable  responsibility,  and 
the  most  thorough  means  should  be  taken  to  keep  them  fully  informed 
as  to  their  duties,  and  to  imj)ress  upon  them  that  the  safe  and  jDroper 
condition  of  the  track  is  the  first  and  most  important  consideration. 
An  excellent  plan  is  to  issue  "instruction  books,"  similar  to  those 
already  in  use  on  some  roads,  but  which  should  be  more  extensively 
adopted.  For  a  road  starting  to  adopt  this  plan,  the  books  should  at 
first  be  small  laamphlets,  so  as  not  to  incur  much  ex])ense,  and  after 
they  have  been  in  service  for  a  sufficient  time  to  become  well  known 
and  well  used,  opinions  and  suggestions  should  be  invited  from  time  to 
time  from  the  men  on  the  road  and  from  officers  of  other  roads  in  order 
that  improvements  may  be  made  by  eliminations,  alterations  and 
additions,  so  as  to  embody  the  best  results  of  actual  experience.  A 
handy  pocket  book  can  then  be  made  up  for  permanent  iise.  The 
matter  should  be  clearly  and  concisely  written  (care  being  taken  to 
avoid  ambiguous  phraseology),  so  as  to  be  readily  understood,  and  the 
use  of  diagrams  will  add  to  the  usefulness  of  the  book.  It  should  be 
clearly  printed  on  strong  paper,  and  strongly  bound.  The  illustra- 
tions should  preferably  be  on  the  pages  of  the  book,  or  at  any  rate 
on  sheets  not  folded  more  than  once  or  twice,  as  large  folding  sheets 
are  awkward  to'  handle  and  are  liable  to  be  very  soon  torn. 

Sp9cial  instriictions  should  be  given  to  the  section  bosses  when  any 
important  improvements  are  to  be  carried  out  or  new  devices  tested. 

Street  Railway  Track. 

As  supplementary  to  railway  track  this  subject  is  worthy  of  brief 
consideration,  especially  as  considerable  improvements  have  been  made 
of  late  years  by  the  introduction  of  metal  substructure.  The  old  and 
almost  universal  system  of  track  with  flat  rails  of  side-bearing  or 
center-bearing  section,  spiked  to  wooden  stringers  which  are  laid  on 
wooden  cross-ties,  is  a  very  objectionable  system  for  city  streets  ;  the 
rails  have  little  vertical  stiffaess,  and  under  heavy  street  traffic  the 
stringers  are  crushed  and  the  spikes  loosened,  so  that  the  rails  work  up 
and  down  with  every  passing  load,  and  in  wet  weather  spurt  the  mud 
in  all  directions. 
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The  following  paragraph  from  an  issue  of  the  New  York   Times  in 

November,  1889,  is  a  curious  commentary  upon  this  state  of  affairs,  and 

the  Judge's  decision  is  good  enough  to  put  on  record  as  amusing  if 

not  instructive  : 

"^  Bad  Habit  of  Car  Rails. 

« 

"Alexander  Taylor,  an  old  resident  of  Yonkers,  was  walking  across 
the  tracks  of  the  Second  Avenue  Kailroad  Company  at  the  corner  of 
Fulton  and  West  streets,  this  city,  on  the  26th  of  January  last,  when  a 
passing  car  caused  a  rail  to  raise  up  at  the  end  suddenly  so  that  it 
tripped  him,  and,  being  seventy-two  years  of  age,  he  fell  heavily  and 
received  severe  injuries.  He  brought  suit  for  $10  000  damages  against 
the  company,  and  it  came  up  before  Justice  Dykman,  at  White  Plains, 
yesterday.  The  Judge,  after  hearing  the  complaint,  dismissed  the  suit, 
holding  that  the  rail  bad  been  properly  spiked  and  jumped  up,  just  as 
any  rail  with  a  car  at  the  other  end  of  it  naturally  will." 

The  joints,  too,  are  generally  bad,  the  rail  ends  resting  on  an  iron 
plate  and  spiked  in  the  usual  way.  The  stringers  and  ties  are  fastened 
together  by  iron  angles  or  knees,  with  spikes  in  both  timbers.  Cable 
railway  tracks  are  necessarily  of  heavier  and  better  construction  than 
the  ordinary  horse  railway  tracks,  metal  and  concrete  being  extensively 
used.  With  the  introduction  of  mechanical  motors  of  increased  weight, 
improvements  will  be  necessary  in  the  older  tracks. 

In  Europe  iron  and  steel  track  on  a  concrete  foundation  is  the 
approved  form  of  construction,  and  is  probably  the  track  of  the  future 
for  the  cities  of  this  country;  but  until  the  streets  have  projjer  founda- 
tions, and  are  properly  paved  and  maintained,  railway  companies  will 
not  care  to  expend  large  sums  of  money  on  an  improved  track,  the 
advantages  and  economies  of  which  would  be  nullified  by  the  condition 
of  the  streets.  For  small  towns  and  for  lines  with  a  limited  amount  of 
street  or  car  traffic,  the  timber  substructure  may  be  admissible  for  some 
time  yet.  The  rails  used  with  the  metal  substructure  are  of  three 
general  types  of  sectioDs:  1,  the  girder  rail,  which  is  an  adaptation  of 
the  ordinary  railway  flange  rail,  and  is  laid  directly  on  the  concrete 
foundation  or  on  metal  longitudinals  or  cross-ties  bedded  in  the 
concrete;  2,  the  flangeless  T  rail,  the  web  of  which  rests  in  iron  chairs; 
and  3,  the  saddle  rail,  which  is  also  carried  on  iron  chairs  placed  at 
intervals.  All  of  these  sections  have  in  various  systems  been  adajoted 
to  American  practice.  In  Europe  the  rails  are  almost  invariably 
grooved.  So  far  the  grooved  rail  has  not  met  with  much  favor  in  this 
country,  and  it  has  not  been  much  used  except  for  curves.  One  of  the 
principal  reasons  for  this  is  that  this  form  of  rail  is  advantageous  only 
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with  a  good  pavement,  and  would  efiect  little  or  no  improvement  where 
deep  ruts  are  allowed  to  exist  outside  the  rail,  which  is  the  present  con- 
dition of  the  average  city  street.  It  is  claimed  that  the  groove  would 
clog  up  and  would  require  frequent  cleaning  out,  which  would  involve 
an  additional  expense.  "When  the  time  comes,  however,  that  the  main 
streets,  at  least,  of  important  cities  are  properly  constructed  and  main- 
tained, then  the  use  of  the  grooved  rail  should  be  enforced  by  municipal 
ordinance,  and  it  will  probably  be  fovmd  then  that  there  is  little  more 
trouble  than  in  other  countries  where  these  rails  are  used,  while  any 
expense  for  cleaning  the  groove  would  be  offset  by  the  reduced  cost  of 
maintenance.  New  York  City  has  taken  a  step  in  this  direction,  the 
Department  of  Public  Works  having  ajjproved  a  form  of  grooved  rail 
which  is  required  to  be  used  on  new  lines  and  in  the  rebuilding  of  old 
lines.  One  trouble  experienced  with  the  English  system  of  track  is  that 
the  street  traffic,  keeping  to  the  track  as  far  as  possible,  tends  to  wear 
ruts  in  the  paving  along  the  side  of  the  head;  to  jsrevent  this  it  was 
proposed  in  one  case  to  set  thin  iron  plates  in  the  joints  bet^\een  the 
paving  blocks  next  to  the  rails.  On  the  Beacon  street  line  of  the  West 
End  Street  Railway,  Boston,  Mass.,  a  heavy  grooved  head  girder  rail  is 
used,  which  was  designed  by  Mr.  Thomas  Doane,  M.  Am.  Soc.  C.  E., 
and  was  made  in  England  to  his  plans.  It  resembles  the  English  type 
of  girder  rail.  It  is  7  inches  high,  with  a  bottom  flange  6  inches  wide, 
and  a  head  8|  inches  wide;  it  weighs  99 /„  i^ounds  per  yard.  Mr.  Doane 
states  that  there  is  a  difference  of  opinion  as  to  its  success.  The  only  ob- 
jection is  that  there  is  a  liability  of  the  groove  to  get  filled  up  with  dirt, 
and  it  costs  something,  though  little,  to  keep  it  free.  This  particular 
rail  is,  jjerhaps,  unnecessarily  heavy  for  horse  or  cable  cars,  which  are 
light  loads,  but  now  that  the  "West  End  Street  Railway  Company  is 
running  electric  motors,  which  are  much  heavier,  it  is  found  that  the 
ordinary  tracks  are  not  strong  enough,  while  this  girder  rail  will  carry 
the  traffic  very  well.  It  offers  no  resistance  to  the  crossing  of  carriage 
or  wagon  wheels,  and  remained  in  good  line  and  surface  after  nearly 
two  years'  service. 

The  Providence  girder  rail  track,  manufactured  by  "Wharton  &  Co., 
of  Philadelphia,  and  Keefer  &  Co.,  of  Kansas  City,  consists  of  a  rail 
about  7  inches  high,  with  a  narrow  base  keyed  in  a  dovetailed  groove  in 
cast-iron  chairs,  18  to  21  inches  long,  which  rest  on  a  concrete  founda- 
tion, and  are  jjlaced  about  7  feet  6  inches  apart.     The  head  is  flat,  2 
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inches  wide;  the  paving  between  the  rails  is  xl-inch  below  the  top  of 
the  rail,  to  allow  room  for  the  wheel  flanges,  while  the  paving  on  the 
outside  of  the  track  is  flush  with  the  tojs  of  the  rail.  Tie-rods  are  used 
to  hold  the  rails  to  gauge;  they  are  of  2^  x  ^-inch  iron,  threaded  at  each 
end,  with  a  nut  on  each  side  of  the  web  of  each  rail,  which  prevents  any- 
lateral  movement.  This  rail  has  been  used  for  cable  roads  by  making 
provision  for  keying  the  rail  into  seats  formed  on  the  yokes. 

The  Wharton  Company,  in  addition  to  the  foregoing  track,  has  other 
special  systems.  One  of  these,  now  extensively  used,  consists  of  girder 
rails  or  flangeless  T  rails,  the  head  being  of  side-bearing  on  center- 
bearing  section.  With  the  latter  rail  the  web  and  outer  side  of  the  head 
rest  on  iron  chairs,  placed  on  wooden  cross -ties.  With  the  girder  rail 
the  flange  rests  on  a  broad  seat  of  the  chair. 

The  Johnson  Company,  of  Johnstown.,  Pa.,  makes  a  specialty  of 
girder  rails  and  flangeless  T  rails  with  heads  of  different  forms,  and 
carried  in  diflfereut  styles  of  chairs.  For  use  with  the  prevailing  system 
of  paving,  the  company  makes  a  rail  with  a  groove  on  each  side  of  the 
head,  and  another  grooved  rail  with  the  guard  lower  than  the  tread. 
The  joints  of  the  girder  rails  are  spliced  by  a  pair  of  bars  of  channel 
section  (]  [)  with  four  bolts.  Girder  rail  crossings,  with  filled  grooves, 
and  metal  cross-ties  for  street  railways  are  other  specialties. 

Ttie  Metallic  Railway  Supply  Company,  of  Albany,  N.  Y.,  supplies  a 
track  with  hollow  cast-iron  stringers;  these  are  filled  with  sand,  and  a 
flangeless  "["  rail,  with  side-bearing  or  center-bearing  head,  is  laid,  the 
web  lying  inside  the  stringer  and  the  head  resting  on  the  top.  Flat  tie- 
rods  are  fitted  into  holes  in  the  side  of  the  stringer  and  the  web  of  the 
rail,  and  are  secured  by  cotters  or  keys,  so  that  vertical  motion  is  pre- 
vented. This  track  has  been  in  service  for  about  four  years,  and  has 
given  good  results.  Cast-iron  is  not  generally  considered  a  good 
material  for  railway  track,  but  it  must  be  remembered  that  the  condi- 
tions of  a  track  for  street  railway  cars  and  a  track  for  heavy  locomotives 
and  trains  running  at  high  speed  are  under  very  different  conditions. 
Breakages  have  been  very  few. 

All  these  companies  manufacture  numerous  forms  and  modifications 
of  metal  track.  A  rail  has  been  designed  by  E.  T.  White,  of  Boston, 
which  is  a  compromise  between  the  American  side-bearing  rail  and  the 
English  grooved  rail,  the  lower  flange  of  the  former  being  inclined  up- 
ward  from   the   middle  so   as   to   form   a  wide  flaring  groove.     It  is 
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intended  for  city  lines,  and  is  said  to  be  more  easily  crossed  than  the 
ordinary  rail.  This  rail  is  of  saddle  section,  and  rests  on  iron  chairs,  to 
which  it  is  secured  by  horizontal  bolts  passing  through  the  sides  of  the 
rail  and  the  top  of  the  chair. 

A  very  substantial  track  was  designed  by  Mr.  Edward  Wilson,  M. 
Inst.  C.  E.,  for  the  tramways  at  Southampton,  England.  The  rail  is  of 
steel,  of  the  flangeless  T  section,  with  a  grooved  head,  and  weighing  55 
pounds  per  yard.  It  is  3^  inches  wide  and  3^  inches  deep;  the  groove 
is  1^-inch  wide  at  toj),  f-inch  at  the  bottom,  and  J-inch  deep;  the 
top  of  the  head  is  not  horizontal,  but  slojpes  slightly  downward  from 
the  edge  of  the  groove  to  the  side  of  the  head,  so  as  to  allow  for  wear. 
The  web  of  the  rail  rests  in  a  groove  in  cast-iron  chairs  with  a  flat  base 
of  12  X  16  inches;  the  upper  part  of  the  chair  is  8  inches  long  (11  inches 
for  the  joint  chairs)  and  the  same  width  as  the  rail  head.  The  chairs  rest 
on  a  concrete  foundation  and  are  connected  by  flat  tie  bars.  The  rails 
are  secured  to  each  chair  by  two  taper  steel  cotters  driven  horizontally 
through  holes  in  the  chair  and  the  web  of  the  rail;  at  the  joint  chairs 
there  are  two  cotters  to  the  end  of  each  rail.  This  fastening  is  very 
secure,  as  it  prevents  any  vertical  motion  of  the  rail,  and  the  paving 
prevents  the  cotters  from  slacking  back. 

Improved  switches,  operated  by  the  horses  or  the  car,  have  been 
very  generally  adopted  in  this  country,  but  the  frogs  and  crossings  are 
usually  of  a  very  crude  type,  hard  on  the  horses  and  the  cars,  and  un- 
pleasant for  the  passengers.  In  many  cases  one  rail  is  merely  cut  at  the 
intersection,  and  a  gap  left  at  which  the  wheels  batter  the  rail  ends  in  a 
barbarous  manner,  while  at  such  crossings  the  rails  are  often  very  loose. 
A  track  crossing  designed  to  give  a  smooth  and  easy  passage  to  the  cars 
was  brought  to  my  notice  a  few  years  ago,  the  principal  feature  of  which 
was  the  gradual  elevation  of  the  lower  flange  of  the  head  of  center 
bearing  and  side  bearing  rails  or  the  bottom  of  the  groove  of  grooved 
rails,  so  as  to  just  reach  the  wheel  flange,  the  head  of  the  rail  being  de- 
pressed so  that  the  wheels  ran  across  on  the  flanges.  "While  excellent  in 
theory,  and  working  well  in  miniature,  yet  in  practice  the  wear  of  the 
crossing  by  heavy  wagons,  etc.,  and  the  wear  and  different  depths  of  the 
car  wheel  flanges,  would  probably  soon  have  impaired  its  efficiency  in 
service.  With  good  street  ijavements  and  good  street  railway  tracks, 
some  improved  form  of  crossing  will  certainly  be  a  necessity. 
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Conclusion. 

The  object  of  this  paper  has  been  to  show  to  some  extent  the 
improvements  which  have  been  made  and  to  suggest  some  further 
improvements  which  might  be  made  in  railway  track  and  in  matters 
relating  to  track,  and  I  think  that  it  will  show,  on  the  whole,  that  con- 
siderable improvements  have  been  made  and  are  till  in  progress,  in* 
spite  of  the  main  trouble  of  want  of  money,  or  difficulty  in  getting  the 
money  directed  into  channels  leading  to  track  work.  A  considerable 
amount  of  scattered  information  has  been  brought  together,  but  in  de- 
scribing the  various  improvements  and  ai^pliances  I  have  not  attempted 
any  complete  list  or  description,  but  have  intended  to  indicate  the  way 
in  which  the  improvements  are  being  made,  and  I  beg  to  express  my 
thanks  for  the  iaformation  kindly  furnished  from  various  sources.  It  is 
my  hope  that  this  paper  may  prove  not  merely  interesting  but  of  some 
use  to  those  in  whose  hands  lies  the  important  matter  of  the  responsi- 
bility for  the  track  of  our  railways,  and  that  it  may  thus  aid  in  "the 
improvement  of  railway  and  street  railway  track." 


APPENDIX  A. 

[Sandberg's  New  Goliath  Rail  with  Steel  Tie-Plate.] 

By  Mr.  C.  P.  Sandberg,  A.  M.  I.  0.  E. 

There  may  not  seem  at  present  to  be  any  urgent  call  for  a  new 
Ooliath  rail,  inasmuch  as  the  first  type  was  constructed  only  three  years 
ago,  and  therefore  our  experience  of  it  has,  as  yet,  been  comijaratively 
small.  During  that  period,  however,  several  important  facts  have  been 
brought  to  light  with  respect  to  rail  sections  generally,  which  also  affect 
the  Goliath,  and  as  this  is  a  costly  rail  it  had  better  be  made  right  at 
once.     These  facts  are: 

First. — That  the  big  rail  head,  owing  to  the  fast  rolling  in  the 
modern  mills,  does  not  seem  to  wear  well,  inasmuch  as  the  physical 
hardness  is  only  in  the  surface  and  not  in  the  interior  of  the  rail  head. 
But  we  shall  not  be  able  to  make  rails  chemically  hard  with  0.50  to  0.60 
per  cent,  of  carbon,  as  is  now  used  in  American  mills,  until  we,  in 
Europe,  adopt  the  American  mode  of  curving  the  rail  while  hot,  so  as 
not  to  sjioil  the  strength  of  the  rail  by  cold  straightening  presses  and 
gag  marks  on  the  flange,  which  might  cause  fractures  and  accidents.  It 
will  anyhow  be  preferable  to  have  a  wider  rail  head  than  a  thicker  one. 
The  great  value  of  this  modification  will  be  seen  not  oaly  in  the  longer 
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duration  of  the  rail,  but  also  in  the  increased  life  of  the  tire,  which 
would  not  rerxuire  to  be  turned  if  the  rail  head  were  as  wide  as  the 
bearing  surface,  or  nearly  so.  It  would  also  add  to  the  tractive  power 
of  the  engine  by  offering  a  greater  surface  to  the  driving  wheels  on  the 
rail;  in  fact  the  tractive  power  of  an  engine  on  the  wider  rail  head  would 
be  greater  than  that  of  an  engine  of  equal  weight  on  the  narrower  one. 

Second. — It  would  offer  a  better  baaring  for  the  fish  joint  without 
sloping  the  sides  of  the  rail  head,  as  has  been  done  so  largely  in 
America,  but  has  now  been  abandoned  on  account  of  the  side  friction  to 
the  tire  flange. 

Third. — The  crushing  load  on  the  driving  Avheels  would  not  exceed 
the  limit  of  elasticity  of  the  steel  in  the  wider  rail  head. 

These  seem  to  be  facts  of  very  great  importance,  and  well  worthy  of 
attention .  The  new  Goliath  rail  section  of  1889  has,  therefore,  been 
designed  with  a  head  of  3  inches  width  instead  of  2|  inches,  and  If- 
inches  depth,  instead  of  1^  inches;  thus  giving  a  thinner  head  with 
greater  wearing  surface  in  width  instead  of  in  depth,  and  giving  1  inch 
bearing  of  rail  head  against  the  fish  instead  of  f  inch. 

The  distribution  of  weight  in  the  new  Goliath,  as  compared  with  the 
old,  is  as  follows: 

1886.  1889. 

Head 43.5  45.5 

Web 23.9  22.0 

Flange 32.6  32.5 

100.0  100.0 

Regarding  the  top  radius,  in  respect  of  which  there  has  been  so  much 
discussion  in  America  with  the  view  of  not  loading  beyond  the  limit 
of  elasticity,  it  has  been  made  8  inches  instead  of  10  inches;  it  is  thus 
made  rather  more  round,  for  the  reason  that  the  tires  on  old  lines,  where 
such  a  Goliath  rail  would  be  used,  are  certainly  not  flat,  but  more  or 
less  worn  hollow.  By  an  increase  of  width  of  f  inch  or  \  inch  in  the 
old  rail  head  the  tire  woukl,  on  curves,  be  brought  to  bear  on  the  out- 
side part,  and  thus  lessen  the  acting  depth  of  the  tire  flange  by  as  much 
as  it  is  worn  hollow,  so  as  to  cause  some  risk  of  running  off  the  rail,  and 
this  would  be  the  greater  the  more  the  rail  head  is  flat  and  the  tire  worn 
hollow. 

Therefore  the  8  inches  radius  of  rail  top,  which  is  supi^osed  to  also 
rejjresent  the  radius  of  the  existing  wearing  surface  of  the  tire,  has 
more  chance  of  safety  by  keeping  the  tire  on  the  rail,  with  the  applica- 
cation  of  a  Goliath  rail  of  3  inches  width  of  head,  on  a  road  where  rails 
with  2 i -inch  heads  have  besn  used.  As  the  new  Goliath  rail  will  ofter  a 
wider  bearing  for  the  tire  it  will  iiractically  come  to  the  same  thing  as  if 
the  rail  head  were  flat  and  narrower,  namely,  the  prevention  of  loading 
beyond  the  limit  of  elasticity,  particularly  as  the  wider  surface  in  the 
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skiu  will  be  liarder  through  colder  rolling  than  in  the  thick  narrow  head. 
The  J -inch  corner  radius  of  rail  head,  as  adopted  in  America,  would  not 
be  applicable  in  Europe  until  the  bogie  system  is  generally  adopted 
here  as  there,  therefore  the  |-inch  radius  is  adhered  to.  The  vertical 
side  is  maintained  as  a  medium  between  the  American  rail  sloping  in- 
ward to  the  top,  and  the  Russian  and  German  rails  sloping  outward  to 
the  top.  The  lower  corner  radius  of  rail  head  may  be  as  sharp  as  it  call 
be  rolled,  say  y-a-inch.  Tlie  bearing  of  the  fish,  1  inch,  against  the  rail 
head  should  be  perfectly  straight  and  so  should  the  fish  also  be,  as  if 
planed  in  a  jjlaning  machine.  This  explains  the  changes  introduced 
into  the  rail  head.  Now  as  to  the  flange  of  the  new  Goliath.  The  weak 
point  of  the  road  with  flange  rail  generally  as  compared  with  the  bull- 
head rail  in  chairs  is  the  insufficient  width  of  the  base  and  the  weak 
method  of  fixing  the  same  to  wooden  ties.  The  width  of  the  flange  of  the 
Goliath  design  of  188G,  only  5i  inches,  is  not  snflicient  for  soft  pine  ties, 
as  compared  with  the  12  to  15  inches  which  the  cast-iron  chair  affords 
iov  the  bull-head  rail  section.  It  would,  therefore,  be  better  to  give  up 
the  plan  of  laying  the  rail  flange  direct  on  the  tie,  and  to  adopt  a  steel 
tie-plate  of  sufficient  surface,  or  equal  to  that  of  the  cast-iron  chair, 
nearly  100  square  inches,  say  12  x  8  inches,  and  ^-inch  thick,  so  as  not  to 
bend  it,  and  fasten  the  same  to  the  tie  with  three  fang-bolts,  wood  screws 
or  spikes,  using  clii^s  and  steel  keys  for  fixing  the  rail  to  the  base  plate, 
thus  enabling  the  rail  to  be  made  of  harder  steel,  and  aff'ording  a  firm  , 
attachment  of  the  rail  to  the  tie,  while  by  knocking  out  the  steel  keys 
it  off'ers  a  quick  means  of  changing  either  rail  or  tie  when  one  of  them 
becomes  defective.  The  insufficient  method  of  fastening  the  flange  rail 
direct  to  the  wooden  tie  by  spikes  or  wood  screws  would  thus  be  done 
away  with,  and  a  longer  duration  of  the  tie  would  be  insured.  It  should 
be  observed  that  the  rail  flange  has  on  both  sides  a  bearing  of  the  whole 
width  of  base  plate  of  3  inches,  as  against  the  old  method  with  a  bear- 
ing against  a  spike  or  a  wood  screw,  and  that  the  widening  of  gauge  on 
curves  could  be  arranged  by  using  steel  keys  of  different  sizes,  as  with 
metal  ties,  of  which  several  hundred  thousand  tons  have  now  been  laid 
in  different  countries  with  satisfactory  results.  Should  the  tilt  of  the 
rail  of  1  in  20  be  needed,  this  could  be  given  by  rolling  the  base  plate 
of  varying  thickness  under  the  rail  flange.  The  fixing  of  the  base  plate 
to  the  tie  is  effected  by  means  of  spikes,  wood  screws  or  fang-bolts. 
The  tie-plate  gives  the  tie  of  soft  wood  a  bearing  surface  of  more  than 
double  that  given  when  the  rail  is  laid  direct  upon  the  wood,  which 
wall  naturally  double  the  life  of  the  tie.  The  exti-a  cost  or  additional 
weight  of  13  i^ounds  to  the  base  f)late  would  be  covered  by  the  saving 
thus  effected,  and  the  total  expense  of  the  Goliath  rail  track  would  still 
be  less  than  that  of  the  English  track  with  bull-headed  rails  and  cast- 
iron  chairs.  If  this  i^late  is  taken  at  $30  per  ton  it  would  still  cost  less 
than  the  cast-iron  chair,  which  weighs  40  to  50  pounds,  and  costs  $12.50 
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to  $15  per  ton.  By  this  means  it  might  be  possible  to  obtain  an  equally 
good  and  safe  track  with  flange  rails  as  with  the  English  bull-head  type 
of  rail,  and  at  a  somewhat  less  cost.  But,  as  is  now  only  too  often  the 
case  on  the  Continent,  to  employ  half  the  weight  of  metal  in  the  flange 
rail  as  in  the  bull-head  section  (with  chair  included),  and  yet  to  demand 
equal  strength,  is  to  ask  too  much  of  the  flange  rail  section.  An  inter-  ' 
esting  book  called  "  Express  Trains,  English  and  Foreign,"  by  Foxwell 
and  Farrer,  just  published,  classes  as  "English  express  trains"  all 
trains  run  at  40  miles  an  hour  and  over,  including  stops,  and  as  "Conti- 
nental express  trains  "  those  running  at  29  miles  an  hour  or  over.  Sta- 
tistics show  that  in  England  only  half  the  miniber  of  passengers  per 
cent,  are  killed  as  compared  with  the  number  on  the  Continent.  These 
facts  speak  volumes  for  the  superiority  of  the  English  railways  and  the 
need  of  improvements  on  the  continental  roads.  In  the  second  edition 
of  this  valuable  work  it  would  be  interesting  if  the  disproportion  be- 
tween weights  of  rail  and  weight  of  engines  were  given  in  a  column  for 
each  express,  so  as  to  show  where  an  increase  of  rail  weight  in  the  di- 
rection of  the  Goliath  is  mostly  wanted.  As  it  would  be  useless  to  trj 
and  introduce  the  English  type  of  track  in  those  countries  where  flange 
rails  are  already  adopted,  the  only  way  to  obtain  an  equally  safe  and 
strong  road  for  heavy  traffic  as  on  the  English  lines,  seems  to  be  to 
strengthen  those  by  the  adoption  of  the  Goliath  rail  with  steel  tie-plates, 
but  to  let  every  one  keep  to  his  system  of  rail.  And,  fortunately,  the  price 
of  steel  has  become  so  low  that  it  would  now  become  an  economic  ad- 
vantage by  the  saving  in  the  cost  of  maintenance;  the  public  safety, 
with  increased  speed,  would  be  an  additional  advantage.  To  take  a 
striking  illustration  one  need  only  compare  the  rail  weight  a  id  the  roll- 
ing stock  with  guns  and  armor  plates.  The  giins  have  been  gradually 
increased  to  the  weight  of  100  tons  and  the  armor  plates  similarly  in- 
creased in  thickness  in  equal  proportion  at  the  same  time,  say  up  to  18 
inches.  The  rolling  stock  has  doubled  in  weight  and  the  speed  been 
increased,  but  the  rail  has  been  left  the  same,  esioecially  the  flange  rail 
on  the  Continent.  The  rail,  too,  has  something  to  do  with  war  and 
defence,  for  just  as  the  armor  plate  must  withstand  the  battering  of  the 
guns,  so  must  the  rail  withstand  the  battering  of  the  rolling  stock  and  be 
increased  in  proportion  to  the  weight  of  the  latter  and  at  the  same  time. 
But  this  is  precisely  what  has  not  been  done,  for  while  the  locomotive 
department  has  increased  the  rolling  stock  as  a  matter  of  necessity  to 
take  the  increased  traffic,  the  track  dejiartment  seems  to  have  had  no 
influence  with  the  directoi's,  and  so  the  disproportion  between  the  track 
and  the  rolling  stock  has  come  to  be  an  estal dished  fact  on  many  conti- 
nental roads  with  heavy  traffic. 

The  weak  rail  may,  by  stopping  and  patching,  keep  the  road  open 
under  ordinary  conditions,  but  in  time  of  war,  for  instance,  when  the 
traffic  is  doubled  or  even  trebled,  where  would  the  weak  rail  be  ?     And 
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■what  could  be  done  to  it  when  there  is  no  time  for  patching  and  for 
repairs  ?  The  strong  rail  has,  in  truth,  a  great  deal  to  do  with  the 
defence  of  a  country,  for  the  army  which  can,  with  provisions  and  ammu- 
nition reach  the  battle  field  first,  stands  the  best  chance.  Experience 
has  sufficiently  proved  this  already  in  1870.  Thus  the  Goliath  rail  is 
really  a  means  of  defence,  at  least  in  Europe.  Besides,  enough  has  been 
said  to  prove  its  raison  d'etre  even  in  time  of  peace.  The  recent  experi- 
ence regarding  change  of  rail  section  as  stated  above,  will,  it  is  hoped, 
be  considered  to  justify  the  appearance  of  this  second  edition  of  Goliath 
rail  section,  and  as  the  design  of  1886,  after  much  persuasion,  broke  the 
ice  by  its  adoption  on  the  Belgian  State  Railways,  it  may  be  hoped  that 
that  of  1889  will  further  the  general  adoption  of  this  rail  more  rapidly, 
not  only  by  offering  a  better  section  and  a  stronger  joint,  but  also  by  a 
stronger  and  firmer  fastening  to  the  wooden  ties  and  the  longer  duration 
of  the  same  by  the  use  of  steel  tie  plates. 

At  the  Paris  Exhibition  there  was  a  sufficient  disjjlay  of  Goliath 
engines  and  carriages,  but  very  little  was  exhibited  to  illustrate  the  pro- 
portionate strengthening  of  the  road;  in  fact  almost  the  only  exhibit  of 
this  kind  was  a  series  of  rail  models  called  "Goliath  rails  "in  the 
Machinery  Hall  (Class  61,  Railway  Material),  showing  the  history  of  the 
Goliath  rail:  first  the  drawing  of  Sandberg's  Goliath  of  1886;  then  the 
model  of  the  same,  1887,  afterwards  the  section  of  the  Goliath  adopted 
for  the  Belgian  State  Railways  (now  15  000  tons),  as  made  by  the  Societe 
Cockerill,  of  Seraing;  and  lastly,  drawings  and  models  of  Sandberg's 
Goliath  of  1889,  with  the  addition  of  the  large  steel  tie-plate  with  clips 
and  steel  keys  for  fastening  the  rail,  and  flange  bolts  for  fastening  it  to 
the  wooden  ties. 

It  may  naturally  happen  that  in  its  adoption  modifications  may  be 
continually  introduced  by  diiferent  engineers,  from  individual  experience 
and  local  conditions,  such  as  climate,  etc.  This,  however,  does  not 
affect  the  principle  now  proposed  to  improve  the  continental  roads, 
which  is  free  for  adoption  by  any  one,  and  it  may  be  added  that  the 
mode  suggested  is  based  on  long  experience  and  is  at  least  free  from 
private  interests  of  any  kind  whatever. 

The  new  Goliath  rail  has,  in  addition  to  a  wider  head,  been  modified 
by  means  of  a  narrower  flange  with  a  view  to  the  use  of  steel  tie-plates. 
The  weakest  j^art  of  a  road  using  flange  rails  is  the  inefficient  fastening 
of  the  rail  to  the  tie,  as  well  as  the  short  life  of  the  tie  itself,  the  rails 
outlasting  several  ties  since  steel  has  come  into  use.  Every  year  the 
wood  used  for  ties  is  becoming  of  softer  texture,  and  consequently  does 
not  last  so  long  as  formerly,  and  the  frequent  renewal  of  ties  now  forms 
the  largest  item  in  the  maintenance  of  track,  jiarticiilarly  where  flange 
rails  are  laid  directly  upon  the  ties;  the  bearing  surface  being  much  too 
small  in  any  ssction  that  can  be  easily  rolled  to  prevent  the  rail  cutting 
into  the  wood.     The  width  of  the  rail  flange  varies  from  3^  to  4^  inches 
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for  a  50  to  a  70-poiiml  section,  up  to  5  inches  for  the  100-pound  Gohath. 
Rails  have  been  made  with  extra  wide  flanges,  such  as  6  inches  and  even 
6^  inches,  but  with  great  difficulty  and  at  an  increased  cost.  With  an 
8-inch  flat  surface  of  tie  this  would  give  a  bearing  of  from  28  to  40  squara 
inches;  but  wooden  ties  are  often  cut  semi-circular,  the  flit  surface  being 
placed  down  in  the  ballast,  thus  reducing  the  actual  bearing  surface  to 
about  one-half.  The  increased  weight  of  rolling  stock  and  the  higher 
speed  soon  drive  the  flange  into  the  tie,  prematurely  destroying  it,  and 
interfering  with  the  gauge  of  the  road.  Oak  ties,  of  course,  will  have 
the  longest  life,  and  fir  ties,  creosoted,  will  last  only  seven  to  eight  years ; 
therefore  the  introduction  of  steel  ties  wherever  wood  is  dear  has  become 
a  radical  remedy  of  great  saving  and  economy  in  many  countries;  but 
there  are  circumstances  where  the  cost  of  steel  ties  will  not  balance  with 
that  of  wood,  and  where  the  increase  of  duration  of  the  latter  through 
an  extended  bearing  surface  would  be  desirable.  As  such  increase 
cannot  be  obtained  through  the  increased  width  of  the  rail  flange  to  any- 
thing like  the  extent  wanted,  the  introduction  of  tie-plates  seems  inevi- 
table, if  roads  using  flange  rails  are  to  equal  in  safety  and  economy  those 
in  England  using  bull-headed  rails  and  cast  iron  chairs.  But  these 
chairs  have  about  100  square  inches  bearing  surface  on  the  tie,  and 
under  these  conditions  the  tie  lasts  nearly  twice  as  long  as  when  the 
rail  is  laid  directly  upon  it.  The  chair  is  fixed  by  large  fang  bolis  of 
about  J  to  J -inch  diameter.  Therefore  the  tie-jjlate  should  have  these 
two  conditions:  as  large  a  bearing  surface  and  as  firm  a  fastening  to  the 
tie  as  the  chair,  in  order  to  obtain  equal  results. 

With  this  view  a  steel  tie-plate  has  been  designed,  7  x  16  inches  by 
^-inch  thick,  giving  a  bearing  surface  of  112  inches,  and  having  the 
same  method  of  fastening  as  the  chair.  Both  conditions,  of  course, 
may  be  modified  according  to  circumstances,  such  as  the  size  of  ties 
most  generally  obtained,  climatic  influence,  and  each  engineer's  fancy 
for  fastenings. 

Seeing  that  the  rail  can  only  give  from  30  to  40  square  inches  bearing, 
the  treble  bearing  surface  given  by  this  tie-plate  should  at  least  double 
the  life  of  the  tie. 

The  fixing  of  the  rail  to  the  plate  is  by  steel  keys  in  clijis,  ofitering  a 
surface  8  inches  wide  instead  of  ^-inch  spikes  or  screws,  and  enabling  a 
change  of  tie  to  be  afifected  quickly  when  necessary  without  removing 
the  rail,  the  fixing  of  the  tie-plate  to  the  tie  being  done  beforehand,  aa 
with  the  chair. 

The  tilt  of  the  rail  to  1  in  20  can,  if  needed,  be  obtained  by  several 
means:  by  cutting  an  inclined  top  surface  on  the  tie,  by  bending  the 
plate  for  the  rail  flange,  or  by  rolling  the  plate  of  varying  thickness. 
The  rail  joint  would  be  suspended,  with  angle  fish-plates  which  offer 
suflicient  bearing  surface  on  the  joint  ties  that  the  base  plates  would 
only  be  needed  on  intermediate  ties. 
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The  tie-plates  now  in  use,  about  7  inches  square,  are  much  too  small 
for  the  object  for  which  they  are  designed,  and  what  is  worse,  require  a 
nicety  in  the  position  of  the  spike  holes,  even  to  a  thirty-second  of  an 
inch,  to  be  thoroughly  eifective,  and  that  is  very  difficult  to  obtain  in 
practice. 

The  new  plate  might  even  be  applicable  to  rails  with  flanges  varying, 
from  4  to  5  inches  wide,  that  is  rails  weighing  from  56  to  100  pounds  per 
yard,  different  steel  keys  being  the  only  material  necessary  for  different 
rail  sections.    The  plate  can  thus  be  manufactured  for  stock  and  thereby 
obtained  cheaper,  becoming  a  standard  tie-plate. 

As  to  the  cost,  compared  with  the  chairs  for  the  bull-head  rail,  it 
would  still  be  somewhat  less.  The  cost  of  the  iron  chair,  weighing  40 
to  50  jDounds,  is  about  ^15  per  ton;  the  base  plate  weighs  16  pounds  and 
would  probably  cost  S30  per  ton,  so  that  the  plate  weighs  about  one- 
third  as  much  as  the  chair,  and  costs  double  the  price  per  ton,  thus 
representing  a  saving  of  one-third  as  compared  with  the  cost  of  chairs. 

The  tie-plate  would  be  applicable  to  any  existing  circumstances  at 
once  as  the  renewal  of  ties  goes  on.  As  it  is  only  16  pounds  in  weight  as 
against  50  pounds  for  the  chair,  even  elasticity  of  the  road  would  not  be 
impaired  by  laying  them  singly  or  gradually,  and  a  good  effect  would 
be  at  once  felt  in  keeping  the  gauge  even  when  tie-plates  were  intro- 
duced on  two  or  three  ties  for  each  rail  in  the  track.  Considered  from  all 
points,  the  introduction  of  tie-plates  for  safety  in  keeping  the  gauge 
and  economy  in  doubling  the  life  of  the  tie  is  to  many  roads  of  more 
vital  importance  than  even  increasing  the  weight  of  rail  to  the  Goliath 
type,  for  this  can  be  only  a  question  for  the  main  lines,  and  by  many 
companies  must  l)e  introduced  very  slowly  indeed,  while  the  benefit  of 
doiibling  the  life  of  the  tie  throiigh  application  of  tie-plates  would  be 
felt  at  once,  even  on  branch  lines. 

The  object  sought  by  all  railways  using  flange  rails  ought  to  be  to  come 
Tip  to  the  perfection  of  the  English  roads  using  bull-head  rails  and  cast- 
iron  chairs,  and  this  cannot  be  done  without  the  application  of  steel  tie- 
plates  and  an  increased  weight  of  rail  to  correspond  with  the  rolling  stock 
and  speed.  But  to  go  by  degrees,  the  tie-plate  seems  to  be  the  first  step 
necessary  to  adopt,  and  it  touches  not  only  the  safety  of  the  line  but 
also  the  most  important  daily  outlay,  that  is,  the  renewal  of  the  ties. 
Besides  it  would  save  the  forests  and  also  be  a  medium  between  the 
adoption  of  steel  ties  and  the  laying  of  rails  direct  on  the  wooden  ties. 

Models  of  the  standard  tie-plate,  as  applied  to  Sandberg's  56-pound 
and  100-pound  Goliath  rail  sections,  using  only  different  keys,  were 
exhibited  in  the  Machinery  Hall  (Class  61)  at  the  Paris  Exhibition. 
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APPENDIX  B. 

[Opinions  on  the  Use  of  Slag  Ballast.] 

(R.  Caffkey,  Roadmaster,  Lehigh  Valley  Railway.) — Answering  your 
letter  asking  me  for  information  as  to  the  action  of  slag  ballast  on  steel 
rails:  I  have  made  an  examination  of  rails  that  have  been  in  our  track 
where  slag  has  been  used  for  ballast  for  ten  years,  and  I  find  no  jjer- 
ceptible  difference  in  them  from  rails  that  are  in  our  tracks  near  the 
same  place  and  the  same  length  of  lime  in  gravel  ballast.  There  is  no 
visible  indication  that  furnace  slag,  such  as  we  use  for  ballast,  corrodes 
the  steel  rail,  or  has  any  tendency,  as  far  as  I  can  see  or  ascertain,  to 
injure  them  in  any  way.  Ballast  of  any  kind,  except,  perhajDS,  gravel, 
does  not  generally  come  in  contact  with  the  rails;  it  is  usually  filled  up 
between  the  ties,  so  that  the  rails  bear  on  the  ties  only.  This  being  the 
case,  I  do  not  see  that  slag  or  ballast  of  any  kind  can  be  injurious  to 
them.  It  is,  however,  somewhat  different  where  the  base  and  web  of 
steel  rails  are  continually  covered,  and  more  or  less  moist;  such,  for 
instance,  as  in  tunnels,  in  street  and  road  crossings,  also  in  yards  and 
at  water  stations  where  engines  stop  to  clear  their  fires  and  empty  their 
ash  pans.  At  these  places  they  corrode  quite  rapidly,  more  so,  I  think, 
than  iron;  but  outside  of  this  I  fail  to  see  that  there  is  any  tendency  to 
corrosion  in  any  one  kind  of  ballast  more  than  in  another. 

(W.  C.  Ikwin,  Chief  Engineer,  Cleveland,  Columbus,  Cincinnati  and 
Indianapolis  Railway.) — In  answer  to  your  communication  regarding 
slag  ballast,  would  say  that  we  have  had  it  in  use  on  this  line  of  railway 
for  six  or  seven  years  past;  I  have  not  noticed  any  pitting  or  corrosion 
of  rails  from  the  use  of  it.  I  am  surjirised,  however,  to  find  that  our 
white  oak  ties  do  not  seem  to  last  as  long  in  this  ballast  as  they  do  in 
gravel  by  at  least  two  years.  We  are  now  taking  thousands  of  these 
ties  out  of  the  slag  ballast.  I  am  not  particularly  carried  away  by  the 
use  of  this  material  for  ballast;  would  prefer  gravel  in  every  case  where 
it  could  be  had. 

(Henry  C.  Thompson,  Chief  Engineer,  Cleveland  and  MahoningValley 
Railway.) — I  agree  with  you  that  slag  is  about  as  good  as  broken  stone 
for  ballast,  provided  it  is  hard.  In  making  iron  for  Bessemer  steel  an 
extra  quantity  of  limestone  is  used  to  insure  the  removal  of  the  silica; 
this  produces  a  soft  slag  which  possesses  hydraulic  properties,  causing 
it  to  cement  in  a  solid  mass,  or  else  go  to  dust;  this  is  not  good  for  bal- 
last, but  makes  an  excellent  protection  for  slopes  of  embankments.  All 
other  "slags  "are  good  for  ballast.  There  may  be  a  chemical  action 
working  detrimental  to  the  rail,  but  so  far  as  my  observation  goes  no 
bad  effect  is  visible;  the  rails  will  wear  out  with  the  traflSc  before  any 
such  harm  is  apiaarent.  I  am  inclined  to  think  it  is  about  equal  to  the 
"ravages  "of  the  "iron  worm"  said  to  have  made  its  appearance  in, 
Germany  some  time  ago. 
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(H.  K.  NiCHOL,  Chief  Engineer,  Philadelphia  and  Reading  Eailway.) 
— We  have  discovered  nothing  that  would  indicate  any  injurious  action 
to  the  rail  from  the  use  of  broken  furnace  slag  for  ballast. 

(G.  E.  Cakr,  General  SujDerintendent,  Columbus,  Hocking  Valley 
and  Toledo  Railway.) — There  has  never  been  any  appearance  of  any 
injurious  eflfects  to  the  rail  from  the  use  of  slag  ballast.  We  use  slag 
from  iron  furnaces,  some  of  which  use  charcoal,  and  others  use  bitumin- 
ous coal  for  fuel,  and  limestone  for  flux. 
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[Burnt  Clay  Ballast.  | 

(W.  M.  Jackson,  Manager,  Iowa  Clay  Ballast  Company,  Kant- as  City, 
Mo.) — Any  kind  of  clay  can  be  used  that  is  free  fL-oin  sand  or  grit;  a 
small  amount  of  sand  in  the  clav  makes  it  slow  to  burn,  but  it  can  be 
burned.  Gumbo,  or  any  material  that  is  sticky  and  will  hang  together 
and  not  crumble  to  dust  when  burning,  will  make  good  ballast.  Craw- 
fish clay,  low  land  clay,  or  gumbo,  makes  the  best  ballast.  For  burn- 
ing, ground  is  selected  where  the  ballast  is  wanted;  if  it  is  intended  to 
burn  say  25  000  yards  in  a  pit,  a  fire  is  built  in  ihe  direction  of  the  line 
of  track  for  2  000  to  3  000  feet,  as  the  ground  will  allow;  a  hot  fire  from 
wood  and  slack  coal  combined  is  started  in  the-  full  length  of  the  pit, 
and  then  covered  with  a  layer  of  damp  clay  from  8  to  10  inches  thick; 
then  a  thin  coat  of  slack  coal  is  spread  over  the  clay.  When  the  clay 
is  heated  so  that  the  coal  on  the  outside  begins  to  burn,  another  layer 
of  clay  is  put  on,  as  at  first. 

The  men  in  charge  keep  on  digging  down  and  building  back  from  the 
line  as  far  as  required,  leaving  a  bed  of  ballast  from  6  to  12  feet  deeji, 
the  same  as  a  gravel  pit.  It  is  very  light  when  burnt  and  easily  loaded 
with  SC0013  shovels.  It  can  be  called  a  clay  charcoal  or  coke,  and  it  never 
goes  back  to  mud.  For  every  ton  of  slack  coal,  from  4  to  6  cubic  yards 
of  ballast  are  burned,  varying  according  to  the  character  of  the  material. 
It  absorbs  moisture  Hke  a  sponge,  and  keeps  the  track  dry  and  free  from 
dust.  As  to  cost,  where  railway  comjianies  furnish  the  fuel,  ground 
to  burn  on,  side  tracks  at  joit,  and  transportation  for  men  and  tools,  the 
ballast  company  will  burn  and  load  for  fifty  cents  per  cubic  yard.  Slack 
coal  or  the  refuse  of  the  bank  is  used,  and  is  the  only  material  that  will 
burn  to  good  advantage.  In  July,  1889,  the  company  was  burning  and 
putting  the  ballast  under  the  track  for  the  Kansas  City,  Fort  Scott  and 
Memphis  Railway  Company,  at  West  Plains,  Mo.,  for  seventy  cents  per 
cubic  yard,  the  railway  furnishing  train  service  ;  that  makes  twenty  cents 
a  yard  for  putting  under  the  track.  The  company  was  also  burning  and 
loading  for  the  Chicago,  Rock  Island  and  Pacific  Railway  for  fifty  cents. 
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tlie  railway  company  furnishing  all  plant  and  putting  the  ballast  in  the 
track.  It  has  also  been  used  on  the  Chicago,  Burlington  and  Quincy 
Railway  for  nine  years. 


APPENDIX  D. 

[TlES.j 


The  following  figures  will  serve  to  show  the  importance  of  this 
branch  of  the  subject.  Taking  the  i^resent  extent  of  railways  in  the 
United  States  at  160  000  miles,  and  estimating  an  average  of  2  500  ties 
per  mile,  which  is  a  reasonably  low  figure,  the  number  in  many  cases 
being  2  600  to  2  800  or  even  3  000  per  mile,  this  gives  a  total  of  400  000  000 
ties  in  actual  use,  while  at  an  average  ]ife  of  eight  years,  50  000  000  ties  will 
be  required  annually  for  renewals.  Averaging  the  annual  new  construc- 
tion at  5  000  miles,  adds  12  500  000  ties  annually  to  the  number  in  use, 
and  also  adds  1  562  500  ties  to  the  number  required  annually  for  renewals. 
These  figures  are  exclusive  of  the  consumption  of  ties  and  stringers  for 
street  railways,  a  by  no  means  insignificant  item.  Calculations  of  this 
kind  are  not,  however,  of  much  value,  except  to  present  clearly  the  great 
extent  of  the  timber  consumption  for  one  item  alone.  The  important 
points  for  each  railway  company  are  not  the  averages  for  the  whole 
country,  or  the  whole  railway  system,  but  are  the  average  consumption, 
life,  and  cost  upon  its  own  lines.  As  an  example  of  some  individual 
<5ases,  I  give  the  following  figures,  taken  from  the  annual  reports  of  the 
railway  companies  :  New  York,  Lake  Erie  and  Western,  1887:  934  420 
ties  laid  and  249  375  on  the  New  York,  Pennsylvania  and  Ohio.  Old 
Oolony,  1888  :  315  069  new  ties,  25  371  being  for  new  second  track. 
Michigan  Central,  1888  :  723  065  ties  replaced.  Baltimore  and  Ohio, 
1888  :  259  315  on  Western  division,  and  609  462  on  Eastern  division.  Illi- 
nois Central,  1888  :  654  141  ties.  Missouri  Pacific,  1888  :  1  465  121  ties. 
The  New  Y^ork  Central  and  Hudson  River  Railway  consumes  about 
800  OOO  ties  per  annum  for  renewals.  The  consumption  of  timber  ties 
may  be  reduced  either  by  the  use  of  means  to  increase  their  life,  or  by 
abandoning  wood  for  more  durable  material. 

Increasing  the  life  of  wooden  ties  may  be  effected  by  the  use  of 
l^reservative  processes,  or  by  the  use  of  metal  tie-plates  to  distribute 
the  load  on  the  rail  over  a  greater  area  of  the  tie  than  that  covered  by 
the  rail  flange.  In  this  country  the  best  results  would  probably  be 
obtained  by  combining  these  two  methods,  as  so  much  trouble  is  expe- 
rienced from  the  narrow  base  or  flange  of  the  rails  cutting  into  the  wood. 
On  some  roads  the  ties  have  to  be  taken  out  of  the  track  for  this  cause 
before  they  have  begun  to  decay.  The  life  of  ties  averages  probably 
about  eight  years,  in  some  cases  as  low  as  five  or  six,  but  their  life  in 
service  is  frequently  limited  by  their  resistance  to  the  cutting  action  of 
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the  rail  flange  rather  than  by  their  naturallife  or  resistance  to  decay.  A 
preservative  process,  therefore,  which  softens  the  wood,  is  of  little  value 
for  ties,  unless  the  tie-plates  are  used  ;  but  the  most  serviceable  and 
valuable  j^rocess  would  be  one  that  hardens  the  wood  as  well  as  protects 
it  against  decay.  As  previously  noted,  some  railways  have  already 
recognized  the  advantages  of  using  preserved  ties,  and  as  experienced 
men  and  engineers  have  now  turned  their  attention  to  the  different  j)ro- 
cesses,  and  have  shown  that  successful  work  can  be  done,  the  use  of  such 
ties  will  probably  become  more  general,  especially  as  the  increasing 
traffic  increases  the  rate  of  the  cutting  of  the  ties.  There  has  been  until 
quite  recently  a  general  indifference  on  the  part  of  railway  men,  and  the 
extra  cost  is,  of  course,  an  obstacle,  as  railway  directors,  like  too  many 
people  nowadays,  often  prefer  cheapness  of  first  cost  to  subsequent 
economy.  Although  extensive  experiments  with  various  preservative 
processes  have  been  made  in  this  country,  and  although  several'  com- 
panies are  now  engaged  in  this  business,  little  has  been  done  in  intro- 
ducing preserved  timber  for  regular  use.  Large  quantities  of  piles  and 
timber  which  are  intended  for  use  for  wharves,  etc.,  in  sea  water,  have, 
however,  been  treated  as  a  protection  against  the  teredo.  In  railway  ties 
■comiiaratively  little  has  been  done  ;  but  recent  im23rovements  in  methods 
and  materials  promise  to  result  in  the  more  extensive  use  of  preservative 
processes  for  ties. 

Creosote  (either  wood  creosote  oil  or  dead  oil  of  coal  tar),  chloride  of 
zinc,  and  sulphate  of  copper  are  the  preservative  mediums  most  generally 
emj^loyed  ;  the  two  first  named  are  those  principally  used  in  this 
country.  The  Chicago  Tie  Preserving  Company,  at  its  own  works 
(which  supply  ties  for  the  Chicago,  Rock  Island  and  Pacific  Railway, 
under  contract)  and  at  the  works  erected  by  it  at  Laramie,  Wyo.,  for 
the  Union  Pacific  Railway,  and  at  Las  Vegas,  N.  M.,  for  the  Atchison, 
Topeka  and  Santa  Fe  Railway,  uses  the  zinc  process  ;  the  Southern 
Pacific  Railway  has  both  creosote  and  zinc  plants  at  its  Houston  works  ; 
the  Creosote  Lumber  Construction  Company,  of  Fernandina,  Fla.,  and 
the  Carolina  Oil  and  Creosote  Comj^any,  of  Wilmington,  N.  C,  use  the 
wood  creosote  oil ;  the  Lehigh  Valley  Creosote  Company,  of  Perth 
Amboy,  N.  J.,  Eppinger  &  Russell  of  New  York,  and  the  Old  Dominion 
Creosoting  Works,  of  Norfolk,  Va. ,  use  dead  oil  of  coal  tar  ;  the  Louisville 
and  Nashville  Railway  has  a  creosoting  plant  of  its  own,  used  for  piles 
and  timber  ;  the  Boston  and  Maine  Railway  has  a  kyanizing  (corrosive 
sublimate)  plant  at  Portsmouth,  N.  H.,  which  has  been  used  for  treating 
hemlock  ties  ;  the  Wood  Vulcanizing  Company,  of  New  York,  has  a 
novel  process  by  which  the  natural  acids  of  the  wood  are  claimed  to  be 
solidified  and  retained  in  the  wood,  increasing  its  hardness  and  dura- 
bility. In  Europe  the  experience  with  preserved  ties  has  been  very 
satisfactory,  and  such  ties  are  almost  universally  used.  Creosoting  is 
the  process  generally  employed  and  creosoted  oak  and  beech  ties  used 
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on  one  of  the  railway  systems  in  France  are  reported  to  have  an  average- 
life  of  twenty-five  years,  while  some  are  in  good  condition  after  that 
period. 

The  different  effects  of  the  different  preservatives  must  be  taken  into 
consideration,  as  what  may  be  good  for  timber  to  he  used  under  some 
conditions,  may  be  bad  for  that  to  be  used  under  other  conditions.  Thus 
ordinary  creosoting  is  fonnd  to  soften  the  fibers  of  the  wood,  so  that  for 
ties  in  this  country  there  would  be  little  benefit,  as  the  present  rapid 
cutting  by  the  rail  flange  would  be  increased,  unless  metal  tie  plates 
were  ^^sed  to  distribute  the  pressure  over  a  larger  area  of  the  tie.  The  zinc 
and  wood  creosote  processes,  however,  are  claimed  to  harden  the  wood.  In 
foreign  countries,  where  the  rails  are  usually  carried  in  cast-iron  chairs 
with  wide  bases,  this  objection  does  not  obtain,  and  creosoted  ties  are 
there  very  generally  used  and  with  excellent  results.  Other  methods 
of  treatment,  such  as  the  use  of  metallic  salts,  are  found  to  harden  the 
wood,  and  such  methods  are  of  course  more  suited  for  ties,  while 
creosoting  may  be  well  adapted  for  timber  for  other  purposes.  In  any 
case  the  oi^erations  must  be  carefully  and  thoroughly  carried  out,  if 
really  efficient  results  are  to  be  obtained. 

In  regard  to  the  use  of  tie-plates,  these  are  being  quite  extensively 
adojited.  In  Europe  they  are  generally  large  and  heavy,  and  are  often 
used  in  connection  with  improved  fastenings.  Some  plates  of  this  kind 
have  been  designed  and  brought  out  in  this  country,  but  the  form  of 
plate  now  generally  used  here  is  a  shallow  channel  iron  about  8  x  3f 
inches  square,  with  the  longer  sides  turned  down,  forming  flanges  f- 
inch  deep;  these  flanges  bite  into  the  wood.  The  rail  rests  on  the 
plate  and  the  spikes  are  driven  through  holes  in  the  plate.  These  plates 
have  given  good  results  in  service  and  are  inexpensive.  A  little  extra 
expenditure  in  this  direction  effects  a  very  material  economy  in  main- 
tenance and  renewals. 

Coming  to  the  question  of  substitutes  for  wooden  ties,  I  may  say 
that  for  about  two  years  I  have  been  engaged  in  investigating,  for  the 
Department  of  Agriculture,  the  experience  with  the  use  of  metal  ties 
on  railways  in  foreign  countries.  A  preliminary  report,  giving  the 
results  of  my  investigation  during  the  first  year,  was  submitted  in 
February  last,  and  the  main  report,  which  will  describe  the  various^ 
systems  tried,  is  now  in  course  of  completion.  Steel  is  the  metal  which 
gives  the  best  results,  and  is  most  extensively  used,  althoiigh  cast-iron, 
bowls  are  still  used  in  India  and  South  America  with  sand  and  earth 
ballast.  The  extent  to  which  metal  ties  are  used  is  quite  astonishing, 
and  their  use  is  continually  increasing.  The  railway  track  of  the  future 
will  probably  consist  of  heavy  steel  rails  on  steel  ties,  but  while  looking 
for  such  a  desirable  form  of  track,  the  advantages  of  increasing  the 
durability  and  safety  of  the  present  form  of  track  should  not  be  lost 
sight  of.     Metal  tracks  for  street  railways  are  already  in  use  on  a  number 
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of  lines  in  this  country. — (From  a  paper  by  E.  E.  Russell  Tratman, 
presented  at  the  American  Forestry  Congress,  Philadelphia,  Pa., 
October  17th,  1889.) 

APPENDIX  E. 

(Metal  Tback  fok  Railways.) 

In  discussion  of  this  subject,  and  in  connection  with  the  paper  on 
"Maintenance  Expenses  of  Track  o  i  Wooden  and  Metal  Ties,"  by  Mr. 
J.  W.  Post,  Engineer  of  Permanent  Way,  Netherlands  State  Railways, 
which  was  read  at  the  annual  convention  of  1888  {Transactions,  June, 
1888),  I  present  the  following  abstract  of  my  Preliminary  Report  on  the 
"  Use  of  Metal  Track  on  Railways  as  a  Substitute  for  Wooden  Ties." 
This  report  was  submitted  to  the  United  States  Department  of  Agri- 
culture in  February,  1889,  and  has  been  published  by  the  Department  : 

Europe, 

England. — In  England,  steel  ties  have  during  the  past  few  years  been 
tried  to  a  greater  or  less  extent  on  quite  a  number  of  the  principal  lines. 
Foremost  among  them  is  the  London  and  North  Western  Railway,  which 
has  about  50  miles  of  track  laid  with  the  steel  cross-tie  invented 
by  Mr.  F.  W.  Webb,  the  locomotive  superintendent  of  the  road. 
In  1888  there  were  83  201  of  them  in  use,  and  the. experience  with  them 
had  covered  then  six  and  one-half  years.  These  ties  have  been  exi^eri- 
mented  with  on  the  Pennsylvania  Railroad. 

The  general  type  used  is  the  steel  "  inverted  trough  "  in  different 
forms,  either  rolled  or  stamj^ed.  As  the  system  of  track,  however,  in- 
cludes the  double-headed  rail,  these  ties  are  fitted  with  the  usual  heavy 
cast-iron  chairs  to  hold  the  rail  (the  Webb  tie  has  the  chairs  made  of 
steel  plates),  and  the  track  is  unnecessarily  heavy  and  costly.  The  chief 
difficulty  is  said  to  be  in  adapting  the  steel  tie  to  the  double-headed  rail , 
it  being  difficult  to  make  a  good  piece  of  work.  The  North  Eastern 
Railway,  however,  is  trying  steel  ties  under  flange  rails  weighing  90 
pounds  per  yard,  which  is  a  steiJ  toward  the  ideal  track  for  main  lines. 

France. — Experiments  with  metal  cross-ties  have  been  made  on  nearly 
all  the  principal  railways,  and  a  large  number  of  types  have  been  tried, 
but  several  of  them  have  been  of  complicated  design,  and  therefore  un- 
economical. Longitudinal  systems  have  been  tried  to  a  small  extent. 
On  the  State  Railways  a  number  of  trials  have  been  made,  and  with 
some  forms  of  tie  very  good  results  have  been  obtained,  enabling  a 
reduction  to  be  made  in  the  maintenance  staff.  The  Paris,  Lyons  and 
Mediterranean  Railway  used  an  old  type  of  iron  tie  several  years  ago, 
but  abandoned  it  on  account  of  the  ties  costing  more  than  the  wooden 
ties  and  giving  a  less  firm   and  durable   track;  this  latter  defect  was 
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probably  due  to  the  old-fasliioned  "gib  and  cotter"  fastening 
employed.  Good  results  have  been  obtained  with  metal  ties  on  the 
Algerian  system  controlled  by  this  company.  The  Northern  Railway 
laid  trial  sections  of  its  Belgian  lines  with  the  "  Severac  "  and  "Bernard  " 
ties  in  1885,  and  laid  10  000  of  the  former  on  its  French  lines  in  1888. 
The  Western  Railway,  which  used  the  old  double-headed  rail,  experi- 
mented in  1887  with  iron  ties  upon  which  the  rail  chairs  were  cast.  The 
Eastern  Railway  has  trie!  steel  ties  with  wooden  cushions  or  bearing 
blocks  under  the  rails,  and  has  also  tried  the  "  Post  "  ties. 

Holland. — In  this  country,  jirobably  the  most  extensive  and  most 
valuable,  because  continuous  and  systematic,  trials  have  been  made,  and 
the  trials  have  resulted  in  improvements  which  have  served  to  develop 
the  now  well  known  and  extensively  used  "Post"  steel  cross-tie  of 
varying  thickness,  the  thickness  being  increased  under  the  rail  seat. 
This  tie,  the  invention  of  Mr.  Po^t,  Engineer  of  Permanent  "Way  of  the 
Netherlands  State  Railway  Company,  is  economical  both  in  construc- 
tion and  in  maintenance,  and  has  jjroved  very  efficient  in  service.  The 
experiments  have  been  in  progress  since  1865.  In  the  early  jjart  of 
1888  there  were  in  use  457  300  ties  (about  23  800  tons)  of  the  "  Post " 
type  in  Holland,  Belgium,  France,  Germany,  Switzerland,  and  Asia 
(colonies) ;  about  272  700  ties  (about  12  700  tons)  more,  including  ties 
for  narrow  g<iuge  railways  and  for  the  rack  railway  in  Sumatra,  were 
being  manufactured;  making  a  total  of  about  730  000  ties,  or  36  500 
tons. 

Belgium. — On  the  Belgian  State  Railway  system  the  "Post"  tie  has 
been  laid,  but  it  is  heavier  than  that  used  on  the  Netherlands  State 
Railway  and  heavier  than  the  inventor  considers  necessary  or  desirable. 
It  should  be  noted  that  it  is  not  economical  to  use  more  metal  than  ex- 
perience has  shown  to  be  necessary.  Experiments  have  been  made  on 
rather  a  large  scale.  The  Grand  Central  Railway  has  also  had  satis- 
factory results  with  metal  ties.  In  1873  the  Superintendent  of  Permanent 
Way  rei^orted  that  he  Avas  fully  satisfied  with  the  experience  then 
acquired  with  metal  ties,  and  in  his  reports  for  1886  and  1887  he  stated 
that  the  favorable  results  had  been  still  more  marked.  Metal  ties  of 
the  "  Coblyn "-  tyi^e,  for  light  railways,  have  been  adopted  by  the 
Societe  Anonyme  des  Chemins  de  Fer  ficonomiques,  and  have  also  been 
tried  on  other  lines. 

Qermany. — Oa  the  State  railways  a  number  of  different  systems  of 
longitudinal  and  transverse  types  have  been  tried  for  several  years,  and 
some  types  have  been  regularly  adopted  on  certain  divisions.  In  1887 
the  State  railway  system  had  a  length  of  about  13  193  miles,  with  about 
23  662  miles  of  track;  of  this  amount  about  5  530  miles  had  metal  track — 
3  131  miles  being  laid  with  cross-ties,  and  2  399  miles  with  longitudinals. 
Very  careful  records  of  the  trials  have  been  kept.  On  the  LeftBank-of- 
the-Rhine  Riilway,  which  comprises  1  681   miles,  there  are  913  miles 
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^vit]l  metal  cross-ties,  and  211  miles  with  longitudinals,  the  balance 
being  on  wooden  cross-ties.  The  first  cross-ties  were  laid  in  1876,  and 
the  first  longitudinals  in  1872.  Since  1879  metal  sleepers  only  have  been 
used.  On  the  Elberfeld  division  of  the  Prussian  State  railways  (1  646 
miles)  there  are  790.5  miles  laid  with  wooden  ties.  762.5  with  iron  ties, 
and  93  miles  with  iron  longitudinals.  They  were  laid  between  1869  and 
1880.  The  experience  with  iron  longitudinals  and  cross-ties  was  very 
favorable,  but  still  better  results  have  been  obtained  since  steel  was 
introduced.  Wooden  ties  are  still  used  in  great  numbers,  partly  on 
account  of  their  lower  first  cost,  and  partly  on  account  of  the  policy  of 
the  Prussian  Government  to  keep  up  the  supi^ly  of  timber  by  domestic 
cultivation  and  forest  management. 

Austria. — In  this  country  longitudinals  and  cross-ties  have  been 
extensively  used.  The  Northwestern  Railway  has  a  total  of  59^  miles 
of  track  laid  with  the  "Hohenegger"  system,  and  the  economy  over 
wood  is  reported  to  be  noticeable.  These  longitudinals  have  been 
laid  in  small  sections  year  by  year  since  1876;  the  earlier  ones  were  of 
iron,  but  the  latter  ones  are  of  steel.  The  "  Heindl"  system  of  cross- 
ties  is  in  use  on  a  number  of  roads;  the  first  were  laid  in  1883,  and 
at  the  end  of  18S7  there  was  an  aggregate  of  about  141  miles  laid  with 
this  system  of  track,  a  considerable  portion  being  on  mountain  divi- 
sions and  including  6.634  miles  on  the  Arlberg  tunnel  line. 

Switzerland. — The  Central  Railway  had  100  000  metal  ties  in  use  at 
the  end  of  1884,  and  proposed  to  lay  30  000  per  annum  till  its  whole 
system  had  been  thus  laid.  The  Western  and  Simplon  Railways  began 
using  metal  ties  in  1883,  and  have  been  very  well  satisfied  with  them. 
The  Gotthard  Railway  uses  them  very  extensively,  and  they  have  alsa 
been  adopted  on  the  Mount  Pilatus  Rack  Railway. 

Itah/. — Metal  track  has  been  used  very  little,  if  at  all,  and  oak  ties 
are  obtainable  in  ample  quantities  and  at  a  moderate  price. 

Spain. — The  line  from  Bilbao  to  Las  Arenas  has  7.1  miles  laid  with 
steel  cross-ties,  and  it  is  believed  that  they  will  prove  more  economical 
than  wood.  The  line  is  1-meter  gauge.  The  Almanza,  Valencia  and 
Tarragona  line  has  251  miles  laid  with  the  De  Bergue  system  of  cast- 
iron  i^lates  connected  by  tie  rods.  This  system  is  found  to  give  greater 
economy,  and  the  gauge  is  maintained  better  than  with  wooden  sleejjers. 
The  divisioQ  between  Valencia  and  Tarragona  was  laid  with  this  track 
in  1860,  and  the  division  between  Almanza  and  Valencia  in  1873. 

Sweden. — On  the  State  Railways  about  two-thirds  of  a  mile  were 
laid  with  metal  ties,  for  experimental  pui'poses,  in  June,  1886. 

Denmark. — On  the  State  Railways  steel  cross-ties  were  laid  for  about 
18  miles  in  1883-84;  but  the  results  have  not  been  entirely  satisfactory, 
owing  to  the  insufficient  weight  and  strength  of  the  ties. 

Bussia. — Metal  ties  have  only  been  iTsed  to  a  very  limited  extent,, 
on   two   branch  lines,    and  even  there  they  have  not  been  sufficiently 
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used  to  enable  any  reliable  conclusions  to  be  drawn  from  the  experi- 
ments. 

Africa. 

Gape  Colon]/. — The  Cape  Government  Eaihvays  have  some  sections  of 
the  lines  laid  with  cast-iron  bowls;  they  are  arranged  in  pairs  and  con- 
nected by  transverse  tie  rods.  The  Delagoa  Bay  Railway,  one  of  the 
new  lines  opening  up  the  interior,  is  laid  principally  with  steel 
ties. 

Senegal. — About  5  000  ties  of  the  "  Severac"  type  have  been  ordered 
for  the  railways  in  this  French  colony.  Cast-iron  bowls  are  used  on  the 
Preuch  island  of  Eeuuion. 

Egypt. — On  the  Egyptian  Agricultural  Railways,  wrought-iron  plates 
connected  by  tie  rods  have  been  used,  and  also  cast-iron  "  pots  "  or 
bowls.  In  the  English  campaign  of  1885,  a  short  length  of  light  rail- 
way of  18-inch  gauge,  with  corrugated  steel  cross-ties,  was  laid  at  Sua- 
kim,  but  the  line  was  soon  taken  up. 

Algeria. — Metal  ties  are  used  on  the  Algerian  lines  controlled  by  the 
Paris,  Lyons  and  Mediterranean  Railway  Company  (France),  and  have 
given  good  results.  It  is  estimated  that  the  use  of  metal  ties  has  saved 
one-fourth  of  the  labor  formerly  required  for  maintenance, 

Asia. 

India. — In  this  country,  steel  cross-ties  and  cast-iron  bowls  and 
]plates  (the  latter  types  arranged  in  pairs)  are  very  extensively  used, 
and  their  use  is  extending  very  rapidly.  Even  in  liurmah,  where  wood 
has  been  generally  used  till  recently,  steel  ties  are  beginning  to  be 
introduced.  There  are  nearly  300  miles  of  the  State  lines  and  a  large 
mileage  of  j)rivate  companies'  lines  laid  with  steel  ties.  The  general 
results  are  rejaorted  to  be  good,  and  the  ties  give,  on  the  whole,  much  sat- 
isfaction. They  are  used  for  lines  of  1  meter  and  5  feet  6  inches  gauge. 
There  are  over  1,600  miles  laid  with  cast-iron  track  of  different  tyi^es, 
and  these  also  give  satisfactory  results  in  general.  Such  tracks  have 
been  in  use  for  twelve  or  fourteen  years.  They  give  good  results  in 
reducing  the  work  of  maintenance,  there  being  a  saving  of  about  6j  per 
cent,  of  renewals  per  annum.  In  some  of  these  ties  wooden  cushions 
are  used  for  the  rails  to  rest  on. 

Japan. — A  few  cast-iron  "pot"  ties  were  laid  when  the  first  lines 
were  built,  about  1871,  but  they  have  nearly  all  been  taken  up  again 
and  hardly  any  now  remain  in  the  track,  while  for  new  lines  timber  ties 
are  used  exclusively. 

China. — Steel  cross-ties  are  to  be  tried  as  an  experiment  on  the  new 
railway  which  was  opened  last  year. 
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Australia. 

Queensland. — About  40  miles  have  been  laid  with  the  "Phillips" 
type.  This  is  a  steel  cross-tie  intended  for  prairie  work,  Avhere  the  track 
is  laid  on  the  surface  of  the  ground  ;  it  is  designed  to  be  used  without 
ballast,  being  simply  packed  with  surface  soil.  Some  years  ago  about 
1  000  wrought-irou  ties  were  laid,  but  they  only  lasted  about  five  years, 
as  they  generally  fractured  under  the  rail-seats,  owing,  it  is  said,  to 
defective  fastenings  ;  they  were  laid  in  broken  stone  ballast. 

About  1  000  steel  cross-ties  were  laid  in  1882.  In  1887,  it  was  re- 
ported that  they  were  in  bad  condition,  but  this  may  have  been  due  to 
the  fact  that  the  manufacture  of  steel  ties  was  in  its  infancy  in  1882. 

South  Australia. — In  March,  1888,  metal  sleepers  were  being  laid  on 
a  new  line  145  miles  long. 

South  America. 

Argentine  Republic. — In  this  State,  cast-iron  "pot"  sleepers  are  used 
almost  exclusively,  except  in  the  far  west  and  north.  The  Buenos 
Ayres  Great  Southern  Railway  has  13j  miles  of  double  track  and  819^ 
miles  of  single  track  laid  with  cast-iron  sleepers  of  an  improved  design. 
They  are  adopted  on  account  of  the  difficulty  of  procuring  good  hard- 
wood ties  in  sufficient  quantity  and  the  greater  expense  of  these  wooden 
ties  ;  also  because  they  give  a  more  rigid  and  satisfactory  track.  The 
Central  Argentine  Railway  has  246  miles  laid  with  cast-iron  track.  The 
Santa  Fe  and  Cordoba  Railway  ordered  20  000  steel  ties  in  England  in 
1888. 

Chili. — Steel  ties  have  been  tried  to  a  small  extent,  but  the  type  was 
considered  too  heavy  and  expensive. 

United  Slates  of  Colombia. — There  has  been  some  talk  of  adopting 
metal  ties. 

Mexico. 

The  Mexican  Railway  (Vera  Cruz  line)  is  using  a  large  number  of 
steel  ties  of  the  type  in  general  use  in  India,  and  has  obtained  very  good 
results  with  them,  especially  at  times  when  the  road  has  been  flooded. 
These  ties  were  first  used  in  1884,  and  at  the  end  of  June,  1888,  there 
were  46i  miles  of  track  laid  with  steel  ties.  The  Mexican  Central 
Railway. has  been  contemplating  the  adoption  of  the  same  type  of  tie  on 
the  mountain  division  of  the  road,  the  advantages  being  that  they  last 
longer  than  wooden  ties  and  keep  the  track  in  perfect  gauge. 

* 

The  "Post"  Tie. 

This  tie  is  probably  the  most  successful  of  all  the  various  types  of 
metal  ties  that  have  been  put  in  service,  and  the  present  form  of  the  tie 
is  the  result  of  many  improvements,    and  rejDresents  several  years  of 
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experience  aud  careful  study.  It  is  a  cross-tie  rolled  from  mild  steel 
(Bessemer,  Thomas,  or  Siemens-Martin) ;  its  section  is  that  of  an  inverted 
trough,  with  flaring-sides  forming  a  section  of  a  polygon  ;  it  is  narrow 
and  deep  in  the  middle,  the  ends  are  closed,  and  the  bottom  edges  are 
thickened  to  form  a  rib.  One  of  its  special  features  is  its  varying  thick- 
ness, giving  an  ample  thickness  of  metal  at  the  rail  seat,  where  the 
greatest  strength  is  required,  and  a  less  thickness  at  the  middle  and 
ends.  Thus  the  weight  of  the  ties  as  now  used  is  from  110  pounds  to 
121  pounds  each,  corresponding  to  126.5  and  139.15  pounds  if  they  were 
of  uniform  section.  This  feature  represents,  therefore,  an  economy  of  15 
per  cent,  of  metal  as  compared  with  a  tie  with  a  uniform  thickness  equal 
to  the  maximum  thickness  of  the  "  Post  "  tie.  In  the  operation  of  roll- 
ing, the  varying  thickness  is  given  and  also  the  shape  of  the  tie,  while 
the  bendiag  of  the  ends  to  give  the  rails  an  inward  inclination  of  1  in  20 
(in  accordance  with  European  practice)  is  done  during  the  same  opera- 
tion. The  narrowing  of  the  middle  portion  of  the  tie  is  designed  to 
keep  the  ballast  from  working  away  from  under  the  rail  seat,  and  in  this 
way  a  stable  road-bed  and  track  are  secured,  thus  diminishing  the  work 
of  maintenance.  The  increased  depth  of  this  jDortion  gives  additional 
strength  to  resist  bending  and  also  offers  increased  resistance  to  creep- 
ing. 

The  following  are  the  principal  dimensions,  given  in  the  original 
metric  measure  and  also  reduced  to  feet  and  inches  :  Length  over  all, 
2.55  to  2.65  meters  (8.364  to  8.692  feet);  width  over  all  at  rail  seat,  235 
millimeters  (9.40  inches);  width  over  all  at  middle,  about  5.30  inches  ; 
width  of  rail  seat,  110  millimeters  (4  40  inches);  width  of  end,  280  milli- 
meters (11.20  inches);  depth  under  rail,  74.5  to  75.5  millimeters  (2.98  to 
3.02  inches);  depth  at  middle,  125  millimeters  (5  inches).  Thickness  of 
cross-section  at  rail  seat  varies  as  follows  :  Thickness  at  bottom  of  flange, 
6  millimeters  (.24  inch);  thickness  at  upper  part  of  flange,  7  millimeters 
(.28  inch);  thickness  at  rail  seat,  9  to  10  millimeters  (.36  to  .40  inch); 
thickness  at  bolt  holes,  12  to  13  millimeters  (.48  to  .52  inch);  thickness 
at  middle  and  ends,  6  to  7  millimeters  (.24  to  .28  inch).  The  rib  on  the 
lower  edge  of  the  flanges  has  a  depth  of  about  18  millimeters  (.72  inch), 
and  projects  about  13  millimeters  (.52  inch)  beyond  the  outer  face  of  the 
flange.  For  rail  fastenings  reliance  has  been  placed  upon  bolts,  and  the 
resuLs  have  been  entirely  satisfactory  ;  the  fastenings  keep  tight,  pre- 
vent vibration  and  rattling,  and  require  little  attention  after  the  track 
has  become  well  settled.  The  bolt  holes  are  oblong,  and  have  rounded 
corners.  The  bolt  used  is  91  millimeters  (3.64  inches)  long  and  22  mil- 
limeters (.88  inch)  in  diameter;  it  has  a  T-head  38  by  46  millimeters 
(1.52  by  1.84  inches),  and  a  cam-shaped  or  eccentric  neck  22  by  30  milli- 
meters (.88  by  1.20  inches),  for  the  purpose  of  allowing  an  adjustment  of 
gauge  at  curves,  switches,  etc.  The  bolt  passes  up  through  the  tie  and 
through  a  washer  which  bears  on  the  flange  of  the  rail  and  the  face  of 
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the  tie  ;  a  Verona  nut-lock  is  then  put  on  and  the  nut  screwed  down 
upon  it.  The  upper  face  of  the  washer  and  the  lower  face  of  the  nut  are 
indented,  so  as  to  give  a  good  ho' d  on  the  nut-lock.  This  tie  j)resents 
the  following  advantages  :  Economy  in  material,  manufacture  and 
maintenance  ;  efficiency  in  making  a  good  track,  and  adjustment  for 
gauge. 

Some  Ameeican  Metal  Ties. 

The  International  Tie. — This  is  a  rolled  steel  tie,  the  section  of 
which  resembles  a  printer's  "  brace  "  (, — ' — ,).  Originally  it  was  made 
in  two  pieces,  riveted  together  at  the  middle  flange,  but  it  is  now  to  be 
rolled  in  one  piece.  The  dimensions  are  as  follows:  Length,  8  feet; 
width,  10  inches;  side  flanges,  2j  inches  deep;  middle  flange,  2  inches 
high;  thickness,  from  i^g-inch  at  the  lower  part  of  the  side  flanges  to  j^g- 
inch  at  the  middle.  The  middle  flange  is  cut  away  in  two  places  for  the 
rails.  The  fastenings  consist  of  flat  wrought-iron  clips,  one  on  each 
side  of  the  rail,  which  are  bolted  to  the  flange  of  the  tie  and  have  pro- 
jections which  bear  upon  the  rail  flange.  Some  of  these  ties  have  been 
in  ixse  for  more  than  two  years  on  the  Boston  and  Maine  Railway  and  the 
Maine  Central  Railway;  the  Long  Island  Railway  is  now  giving  them 
a  trial. 

The  Hartford  Tie. — This  is  a  rolled  steel  tie,  of  inverted  trough  sec- 
tion, with  a  channel  or  groove  along  the  whole  length  of  the  top  table, 
and  having  the  ends  curved  down  to  hold  the  ballast.  The  dimensions 
are  as  follows:  Length,  7  feet  6  inches;  width  at  top,  8  inches;  width 
at  bottom,  lOi  inches;  depth,  1\  inches;  thickness,  |-iuch  at  sides  and 
/ij-inch  at  top;  the  channel  or  groove  \^1\  inches  wide  and  |-inch  deep. 
The  weight  is  about  120  pounds.  The  fastening  for  each  rail  consists  of 
two  clamps  f-inch  thick,  with  a  hooked  projection  at  the  broad  end, 
which  holds  the  flange  of  the  rail;  these  clamps  are  wedge-shaped  in 
plan,  and  lie  in  the  channel  above  mentioned.  A  bent  bolt,  with  its 
head  at  an  angle  of  53  degrees  with  the  body,  is  used  on  each  side  of 
the  rail;  the  head  is  on  the  under  side  of  the  tie  and  the  body  passes  up 
through  the  tie  and  clamp,  the  nut  bearing  on  the  inclined  face  of  the 
hook  of  the  clamp.  This  is  the  fastening  as  improved  by  Mr.  Katte, 
M.Am.  Soc.  C.  E.,  Chief  Engineer  of  the  New  York  Central  and  Hudson 
River  Railway.  By  this  arrangement,  the  bolt  being  at  an  angle,  a 
strong  grip  is  secured,  and  there  is  little  tendency  to  jar  the  bolts  loose; 
to  prevent  such  loosening,  however,  the  bolt  has  the  Harvey  grip 
thread,  which  forms  a  nut-lock  in  itself.  The  fastening  permits  of  a 
very  wide  range  of  adjustment  of  gauge.  These  ties  are  being  tried  on 
the  New  York  Central  and  Hudson  River  Railway,  and  careful  observa- 
tions will  be  made  as  to  the  results. 

The  Standard  Tie. — This  is  a  steel  tie  of  channel  section  (i i)  stamped 

to  shape  from  a  plate.     The  bottom  is  cut  away  at  the  middle,  and  is 
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bent  up  at  an  angle  to  offer  resistance  to  lateral  motion,  the  ends  being 
open.  The  rail  does  not  rest  iipon  the  vertical  sides  of  the  tie,  which 
are  cut  away  for  a  depth  of  three-fourths  of  an  inch  under  the  rail,  but 
rests  upon  a  block  of  compressed  preserved  wood  (placed  with  the  grain 
vertical).  The  tie  is  intended  to  be  filled  with  ballast.  Thfe  fastenings 
consist  of  two  Z-shaped  clips,  the  upper  part  holding  the  rail-flange  and 
the  lower  part  taking  a  bearing  on  the  under  side  of  the  bottom  of  the 
tie;  the  upright  web  is  nearly  vertical,  but  slightly  curved  so  as  to  grip 
the  wood  block.  A  bolt  passes  horizontally  through  the  two  clips  and 
the  block,  near  the  top  of  the  latter,  holding  all  the  parts  firmly 
together.  At  the  rail-joints  it  is  intended  to  use  a  tie  of  extra  width, 
with  wide  clips  and  two  bolts,  and  it  is  claimed  thut  this  fastening  will 
be  sufticiir'nt  in  itself,  and  will  obviate  the  necessity  of  using  splice 
plates.  These  ties  have  been  laid  for  trial  on  the  Chicago  and  Western 
Indiana  Railway.  The  claim  is  made  that  they  are  specially  adapted 
for  roads  with  a  narrow  width  of  ballast,  owing  to  the  resistance  of 
lateral  movement  being  at  the  middle  instead  of  the  ends  of  the  tie. 

Tlie  Twjlor  Tie. — This  is  an  iron  or  steel  tie  on  the  "  liowl "  system, 
each  tie  consisting  of  a  separate  piece  under  each  rail,  connected  by  a 
third  jDiece  forming  a  tie-bar.  The  rail-bearers  are  short  pieces  of 
inverted  trough  section,  placed  longitudinally  with  the  rail,  and  have  a 
vertical  transverse  slot  through  which  the  deep  flat  tie-bar  passes.  The 
inside  flange  of  the  rail  is  held  by  clips,  forming  a  part  of  the  top  table 
of  the  trough,  and  the  outside  flange  is  held  by  a  hooked  projection  at 
the  end  of  the  tie-bar.     No  bolts  or  other  loose  parts  are  used. 

The  Touceij  Tie. — This  is  a  cast-iron  "  pot "  tie  designed  by  Mr.  John 
M.  Toucey,  F.  Am.  Soc.  C.  E.,  General  Superintendent  of  the  New  York 
Central  and  Hudson  River  Railway.  Each  tie  consists  of  two  "pots." 
of  H -section,  with  outward  flaring  sides;  the  "  pots"  are  connected  by 
a  tie-rod,  the  ends  of  which  are  bent  at  right  angles  to  fit  into  a  hole  in 
the  horizontal  web,  the  rod  passing  through  a  hole  in  the  side.  The 
"pots"  are  18  inches  long,  9 J  inches  wide  on  top,  16 1  inches  wide  at 
bottom,  and  StV  inches  deep;  the  thickness  varies  from  \  inch  to  linch. 
The  space  above  the  web  is  filled  with  an  oak  block,  to  which  the  rail  is 
secured  by  the  Bush  interlocking  bolts.  Some  of  these  ties  are  still  in 
use  at  the  Grand  Central  Depot  in  New  York  City. 

A  Channel  Tie. — A  channel  tie  was  used  by  the  Pennsylvania  Rail- 
way for  some  years  subsequent  to  1880.  In  that  year  some  were  laid  on 
the  Filbert  Street  extension,  and  ia  1885  about  400  or  500  were  laid  on 
the  main  track  in  the  West  Philadelphia  yard.  The  tie  consisted  of  an 
ordinary  7-inch  channel  iron  (i  i)  8  feet  6  inches  long;  the  ends  Avere 
closed  by  a  jjiece  of  angle-iron  riveted  on,  and  a  cross-piece  of  angle- 
iron  was  also  riveted  inside  the  channel,  just  under  the  outer  flange  of 
the  rail.  The  fastenings  for  each  rail  consisted  of  a  piece  of  angle-bar 
riveted  to  the  face  of  the  tie  (the  rivets  passing  through  the  angle-bar. 
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tie,  and  inside  angle-iron)  on  the  outside  of  the  rail,  and  a  loose  flat 
clip  on  the  inside  of  the  rail,  fastened  by  bolts.  Writing  in  1886,  Mr. 
Brown,  Chief  Engineer  of  the  Pennsylvania  Railway,  said:  "  These  ties 
cost  from  S3  to  S4  each.  As  long  as  we  can  get  good  oak  ties  for  not 
exceeding  $1  each,  I  would  not  recommend  making  the  change,  although 
they  give  perfect  satisfaction  and  are  no  more  trouble  to  keep  in  line 
and  surface  than  wooden  ties." 

The  Durand  Tie  is  one  of  the  latest  patented  in  this  country,  and 
has  been  tried  experimentally  in  France.  It  is  similar  to  the  Post  tie, 
but  is  claimed  to  be  lighter  with  equal  strength,  the  top  being  corrugated 
lengthwise  and  the  sides  vertically.  It  is  intended  to  be  made  of  old 
rails  rolled  into  sheets  and  stamped  to  shape;  but,  of  course,  ordinary 
steel  can  be  used.  It  is  10  inches  wide  at  the  top  under  the  rail,  and 
12  inches  at  the  bottom;  it  is  narrowed  and  depressed  in  the  middle  and 
curved  at  the  ends.  The  ends  may  be  open  or  closed  with  a  movable 
cap.  It  may  be  fV  inch  thick,  weighing  65  pounds,  and  costing  81; 
or  "1%  inch  thick,  weighing  100  pounds,  and  costing  $1.35.  The  plant 
for  manufacturing  is  estimated  to  cost  $5,000.  The  bolts  have  T  heads 
welded  to  the  under  side  of  the  tie,  and  the  nuts  screw  down  on  washers 
of  soft  metal. 

In  Europe  it  is  the  usual  practice,  in  addition  to  the  use  of  metal 
track  for  railways,  to  use  steel  or  iron  longitudinals  or  cross-ties,  or 
cast-iron  "chairs,"  for  street  railway  tracks.  Steel  ties  are  also  exten- 
sively used  for  contractors'  tracks,  portable  railways,  narrow  gauge  and 
light  railways,  e<-c.,  in  various  parts  of  the  world. 

In  connection  with  this  subject  it  is  interesting  to  note  that  the  Rail- 
road Commissioners  of  Connecticut  make  a  reference  to  it  in  their  report 
for  1888. 

Many  objections  have  been  urged,  and  it  has  been  claimed  that  a 
steel  track  will  not  be  economical  for  the  companies  or  pleasant  for  the 
travelers;  but  it  can  hardly  be  that  we  cannot  design  a  successful  track, 
when  in  many  other  countries  metal  tracks  have  been  so  extensively 
introduced,  and  with  satisfactory  results. 
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APPENDIX  F. 

[Mr.  Fink's  System  op  Accounts   (Louisville  and   NASHViiiLE  Rail- 
way).    Form  op  Table  of  Operating  Expenses.] 


For  uiJiat  Expended. 
Maintenance  op  Railway,  Bridges  and  Buildings. 


1.  Road  repairs. — ^Adjustment  of  track 

2.  Ballast 

3.  Ditching 

4.  Culverts  and  cattle  guards 

5.  Extraordinary  repairs  (slides,  etc.) . . . . 

6.  Repairs  of  hand  and  dump  cars 

7.  Repairs  of  road  tools 

8.  Road  watchmen 

9.  General  expenses  of  road  department. 


10.  Total  roadway 

11.  Cross-ties  replaced,  value. 

12.  Labor  replacing 

13.  Train  expense  hauling. . . . 


14.  Total  cost  of  cross-ties . . . . 

15.  Bridge  superstructure  repairs  . 

16.  Bridge  watchmen 

17.  Shop-building  repairs 

18.  Water  station  repairs 

19.  Section  house  repairs 


20.  Total  cost  of  bridge  and  building  repairs 

21.  General   superintendence    and    general    expenses 

operating  department 

22.  Advertising  and  soliciting  passengers  and  freight . 

23.  Insurance  and  taxes - 

24.  Rent  account 

25.  Total 

26.  Salaries  of  general  officers 

27.  Insurance,  taxes,  and  general  expense 


28.  Total 

29.  Total  maintenance  of  roadway  and  buildings . 

Station  Expenses. 

30.  Labor,  loading  and  unloading  freight 

31.  Agents  and  clerks 

32.  General  expense  of  stations,  lights,  fuel,  etc 
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Station  Expenses — [Continued). 

33.  Watclimen  and  switchmen 

'  Expense  of  switching.     Engine  repairs 

Engineers'  and  firemen's  wages 

Expense  in  engine  houses 

Supervision  and  general  expense 

Oil  and  waste 

Water  supply 

Fuel 


34.    J 


35.  Total 

36.  Stationery  and  printing . 

37.  Telegraph  expenses 

38.  Dejjot  repairs 


39.  Total 

40.  Total  station  expenses 

Movement  Expenses. 


41.  Adjustment  of  track 

42.  Cost  of  rails,  renewal  value. 

43.  Labor  replacirfg  rails 

44.  Train  expenses,  hauling 

45.  Joint  fastenings 

46.  Switches 


47.  Total  replacing  rails -. 

48.  Locomotive  repairs 

49.  Oil  and  waste  used  on  locomotives 

50.  Watching  and  cleaning 

51.  Fuel  used  in  engine  houses 

52.  Supervision  and  general  expenses  in  engine  houses . 

53.  Engineers'  and  firemen's  wages 


54.  Total  engine  expenses 

55.  Conductors  and  brakemen 

56.  Passenger  car  repairs 

57.  Sleeping-car  repairs 

58.  Freight  car  rej^airs 

59.  Oil  and  waste  used  by  cars 

60.  Labor,  oiling  and  inspecting  cars. 

61.  Train  expenses 


62.  Total  car  expenses . . . . 

63.  Fuel  used  by  locomotives. 

64.  Water  supply 


65.  Total 

66.  Damage  to  freight  and  lost  baggage 

67.  Damage  to  stock 

68.  Wrecking  account 

69.  Damage  to  persons 

70.  Gratuity  to  employes 
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Movement  Expenses — {Continued). 

71.  Fencing  burned 

72.  Law  expenses 


73.  Total , 

74.  Total  movement  expenses . 


75.  Grand  total  for   maintenance  and   movement 

expenses 

76.  Tennessee  river  steamers 


77.  Total  expenses. 


78.  Gross  earnings 

79.  Net  earnings 

80.  Loss 

81.  Percentage  of  expenses  to  earnings. 


The  figures  for  these  tables  give  the  total  amount,  and  the  amount 
per  mile  of  road  and  per  train  mile,  for  jjassenger  and  freight  service, 
for  each  division  of  the  system  and  for  the  system  as  a  whole. 
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INDEX  TO  ILLUSTRATIONS. 


RAiiiS:  Plate  No. 

Chigneeto  Ship  Railway,  110  pounds XXXVII. 

Savre,  110,  101,  92  and  84  pounds 

Sandberg,  100  pounds XXXVIII. 

Philadelphia  and  Reading  Railway,  90  j^ounds XXXVII. 

Pennsylvania  Railway.  85  pounds " 

New  York  Central  Railway,  HO  pounds " 

Michigan  Central  Railway.  80  pounds " 

Dublin,  Wieklow  and  Wexford  Railway,  75  pounds XXXVIII. 

New  Yoik,  New  Haven  and  Hartford  Railway,  73.66 

pounds XXXVII. 

Lake    Shore    and    Michigan     Southern    Railway,    71 

pounds " 

Chicago  and  Alton  Railway,  70  pounds " 

Wrenshall's  bridge  section XXXVIII. 

Tie  Plates: 

Wrenshall's XXXVIII. 

Sandberg's " 

Cox  (McConway  and  Torley) XXXIX 

Netherlands  State  Railway " 

Thomson  (Pennsylvania  Railway). " 

Tie  Fastenings: 

Fennerty  spike XXXIX. 

Davies         "       

McLean       "       

Goldie         "       

Tudor  "       

Northern  Railway  (France)  screw 

Netherlands  State  Railway      "      

Penn.sylvania  Railway  "      

Bush  intei'locking  bolts 

Fang  bolts 

Joints  : 

Cox  XXXIX. 

Fisher 

Morgan " 

Long " 

Northern  Railway  (France) " 

New  York  Central  and  Hudson  River  Railway " 

Philadelphia  and  Reading  Railway XXXVII. 

New  York,  New  Haven  and  Hartford  Railway " 

Chicago  and  Alton  Railway " 

Thomson XXXIX. 

Cloud 

Dublin,  Wickiow'and  Wexford  Railway . ." .' '. . .' .' .' .' .' .' .' .'  .*  XXXVIII. 

Wrenshall's,  for  bridge  rails " 

Effect  on  bolts XL. 

Track  Bolts: 

Northern  Pacific  Railway  (Harvey  grip) .      XXXIX. 

Philadelphia  and  Reading  Railway XX XVII. 
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Rail  Beaces: 

Effect  of  wear  on XXXVIII. 

Road  Bed: 

New  York  Central  Railway XXXIX. 

Chicago  and  Alton  Railway " 

Bridge  Flooes: 

New  York  Central  and  Hudson  River  Railway XXXIX. 

English 

Steeet  Railway  Teack: 

Rails  and  substructure XLI. 
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Track  men  who  examine  tbe  position  of  ordinary  track  bolt,  tinder  rail  pull,  will  see  why  so  many  track  bolts  are  broken  during  sudden  changes  of  temperature,  and  by  noting  that  resistance 
to  rail  poll  la  carried  into  spUce  -'A,"  to  about  70    per  cent,  of  total  strain,  they  will  understand  why  more  splices  are  crarKed  on  inside  of  rails  than  on  the  outside. 


COjnPAMT/Vf   DBAn//f& 

SMOmf/Q^    A^JJOM    or   r»/irSSAfr      STA/rBA/tO 


An  elastic  substance  between  not  and  fece  of 
epllce  bar,  provides  for  the  spr*  ading  of  the 
angle  splices  at  the  joint  under  rolliug  load, and 
whoever  provides  for  the  separating,  or  spring- 
ing apart,  of  his  angle  bars,  also  provides  for 
his  rail  ends  beudiuK  down  in  between  the 
splices,  as  the  splices  force  apart  in  making  use 
of  the  elasticity  of  the  eliistic  substance.  The 
loosening  of  track  bolt  nuts  occurs  durinjj  the 
travel  of  the  nnt  iilong  the  face  of  the  splice 
bar. 


HOTE  (x-x*)— Extreme  travel  ofordinary  bolt  along  face  of  splice  is  \  Hi  and  the  nut  n-ovoa  in  an  are  the  radial  lines  oi  which  centre  at  0.  extreme  travel  of  oval  bodied  bolt  is  ^5' 


Vslueof  STANDARD  XBACK  BOLT  at  point  "A"=3000  lbs.  breaking  strain.  (Bending regarded  aa  breaking.) 


Value  of  WOO0VILLB  OVAL  TRACK  BOLT  at  point  of  contact  "A.'*— 5303  lbs.  breaking  strain, 
(l^onding  regarded  as  breaking.) 
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DEVELOPMENT  OF  THE  AMERICAN  RAIL  AND 

TRACK. 


By  J.  Elfreth  Watkins,  Assoc.  Am.  Soc.  C.  E. 


In  considering  the  vast  improvements  made  during  the  present  cen- 
tury in  methods  of  transportation,  I  think  there  has  been  a  tendency  to 
over-estimate  the  benefits  which  have  arisen  from  the  invention  and 
improvement  of  the  locomotive,  and  to  overlook  what  was  done  by 
those  who  devoted  time  and  thought  to  the  development  of  the 
American  system  of  permanent  way. 

The  slight  improvement  made  in  track  construction  in  England  dur- 
ing the  first  quarter  of  the  century,  made  the  introduction  of  the  loco- 
motive there  possible. 

Trevithick's  locomotive  of  1804,  crude  although  it  was,  would  have 
been  much  more  successful  and  would  have  brought  him  much  greater 
fame,  as  one  of  the  first  inventors  of  the  locomotive,  had  the  track  njion 
which  it  ran  been  constructed  according  to  modern  methods. 
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In  this  matter,  as  in  many  others,  history  has  rej^eated  itself. 
As  the  improved  roads  in  the  past  made  it  practicable  to  transfer  the 
burden  from  the  pack  mule  to  the  wheel  vehicle,  and  the  traveler  from 
the  saddle  horse  to  the  light,  comfortable  and  rapidly  moving  carriage, 
so  the  development  of  the  iron  railway  of  the  nineteenth  century 
has  made  it  i^ossible  for  us  to  enjoy  the  safety,  speed,  and  comfort  of 
the  express  train  of  to-day,  drawn  by  the  fleet  and  jjowerf  ul  locomo- 
tive. 

Even  before  the  locomotive  was  a  practical  machine  the  advantages 

of  the  cast-iron  tram-road  were  fully  appreciated. 

By  careful  calculation  a  distinguished  London  engineer,  in  1802, 
found  that  while  it  cost  3s.  4d.  per  ton,  per  mile,  to  transport  bulky 
freight  over  turni^ikes,  the  cost  on  iron  horse  tram-roads  was  4d.,  just 
one  tenth. 

George  Stephenson,  while  President  of  the  "  British  Carrying  Com- 
panies," stated  "  that  by  the  introduction  of  the  horse  tram-road  the 
monthly  expense  of  that  company  for  coal  carriage  alone,  had  been 
reduced  from  £1  200  to  £300. 

An  edition  of  "  Wood's  Treatise  on  Railroads,"  published  in  1830, 
which  was  one  of  the  earliest  and  most  reliable  standard  works  on 
railroad  subjects,  calls  attention  to  the  economical  operation  of  the  coal 
railroad,  9  miles  long,  near  Mauch  Chunk,  Penn.,  then  operated  by 
horse-power,  and  states  that  by  this  method  "it  has  repaid  its  whole 
cost  since  1827." 

And  the  modern  street  railway,  operated  by  horse-power,  is  able  to 
earn  handsome  dividends  by  carrying  i^asseugers,  often  for  a  greater 
distance,  at  a  lower  fare  than  the  steam  cars. 

Before  taking  up  the  question  of  the  development  of  rails  and  track, 
let  us  look  into  the  circumstances  that  led  to  the  construction  of  the 
early  iron  railways,  and  particularly  to  the  relations  which  existed 
between  coal  and  iron,  and  the  railroad  in  the  beginning. 

Coal,  Ieon  and  the  Railkoad. 

That  "necessity  is  the  mother  of  invention,"  is  nowhere  better 
exemplified  than  in  the  circumstances  that  led  to  the  birth  and  growth 
of  the  railroad. 

The  demand  for  that  great  necessity,  coal — a  necessity  that  became 
more  and  more  urgent  as  the  forest  disappeared  to  satisfy  the  demands 


WATlvINS    ON    AMERICAN    RAIL   AND   TRACK.  211 

ft 

of  a  (lease  population — first  directed  thought  toward  devising  improved 
methods  for  transporting  it  from  the  collieries  of  Great  Britain  to  the 
adjacent  navigable  streams  or  near  seaports. 

Coal  had  been  mined  in  England  as  early  as  the  middle  of  the  ninth 
century. 

Henry  III,  in  1259,  granted  the  pri\-ilege  of  digging  coal  to  certain 
persons  in  Newcastle,  and  by  the  beginning  of  the  fourteenth  century, 
coal  had  become  an  article  of  export.  At  that  time  it  was  called  "  sea 
coal,"  owing  to  the  fact  that  it  was  shipped  by  vessel  to  various  ports. 

Early  Use  of  Ibon. 

There  can  be  no  doubt  that  good  methods  of  making  iron  were 
known  to  the  ancients. 

The  Bible  bears  evidence  in  many  texts  to  the  high  esteem  in  which 
the  iron  worker  was  held.  Tubal  Cain,  supposed  to  be  of  the  seventh 
generation  from  Adam,  is  described  in  Genesis  iv,  as  "an  instructor 
of  every  artificer  in  brass  and  iron  ;"  and  again  we  find,  in  speaking  of 
the  Israelites  in  Deuteronomy  iv,  the  statement:  "  For  the  Lord  hath 
taken  you  and  brought  you  forth  out  of  the  iron  furnace,  even  out  of 
Egypt." 

Processes  of  making  iron  were  known  to  the  Babylonians  and  the 
Assyrians.  The  stones  in  the  celebrated  bridge  said  to  have  been  built 
by  Nitocris,  the  daughter  of  Nebuchadnezzar,  were  held  together  by 
bands  of  iron,  kept  in  place  by  molten  lead. 

The  Phoenicians,  Persians,  and  even  the  Chinese  were  acquainted 
with  processes  of  forging  iron  centuries  before  the  Christian  Era  ;  and 
in  India,  in  the  Temple  of  Cuttub  at  Delhi,  there  stands  a  pillar  of 
solid  forged  iron  over  16  inches  iu  diameter  and  nearly  60  feet  high, 
supposed  to  have  been  erected  in  the  third  century. 

But  these  methods  must  be  included  among  the  lost  arts — arts  lost 
in  the  great  abyss  of  the  middle  ages,  which  swallowed  up  so  many  of 
the  results  of  the  skill  and  ingenuity  of  the  ancient  world. 

Both  among  the  Greeks  and  the  ancient  nations  of  the  Orient, 
as  we  learn  from  Homer,  the  early  histoi'ians  and  the  latest  inscriptions 
and  archif'ological  discoveries,  iron  was  once  regarded  as  a  precious 
metal.  Homer's  elaborate  descriiition  of  the  shield  of  Achilles,  forged 
by  Vulcan,  undoubtedly  shows  that  the  art  of  working  iron  was  fuUy 
understood  in  that  semi-fabulous  epoch. 
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It  is  i^robable  that  iron  first  came  into  common  use  in  the  arts 
and  manufactures  when  Spain  flourished  under  the  Visigoths,  who 
derived  it  from  their  ancestors,  the  Scythians.  Spanish  iron  brought 
high  prices  for  many  years. 

The  Ikon  Ikdustry  in  England. 

Early  in  the  fifteenth  century,  many  blast  furnaces  were  in  existence 
in  France,  and  soon  afterward  they  were  introduced  in  Sussex,  Kent  and 
Surrey,  in  England.  Swank,  in  his  "  History  of  Iron  in  all  Ages"  (page 
34),  tells  i;s  that  "  this  event  gave  a  fresh  impetus  to  the  iron  industry  " 
of  England. 

As  the  processes  of  extracting  iron  from  various  ores  became  more 
fully  understood,  the  demand  increased;  and  in  order  to  keep  up  the 
supply  great  inroads  were  made  each  year  upon  the  forests  for  fuel. 

During  the  reign  of  Queen  Elizabeth  (1558-1603),  the  iron  industry 
had  assumed  such  proportion,  that  the  consumption  of  wood  became  a 
very  serious  matter,  iron  being  then  smelted  exclusively  by  charcoal. 

The  destruction  of  the  forests  had  been  so  rapid  that  Acts  of  Parlia- 
ment were  passed  in  1558,  1581,  1584,  restricting  the  cutting  of  wood 
for  charcoal,  and  the  iron  industry  langiiished  for  over  a  century. 

In  the  meantime  thought  had  been  directed  to  the  processes  of  smelt- 
ing iron  with  jsit  coal.  Sturdevant's  method,  although  jjatented  in  1611, 
was  not  i^racticable;  and  Dudley,  who  eight  years  afterward  solved  the 
problem  with  some  success,  was  so  much  abused  by  the  charcoal 
smelters,  that  fearing  bodily  injury,  he  too  abandoned  the  business. 
Nothing  further  seems  to  have  been  done  towards  losing  coal  for  smelt- 
ing iron  ore  in  England  during  the  seventeenth  century. 

The  Ieon  Industry  in  Amekica. 

As  early  as  1621,  a  considerable  quantity  of  iron  was  produced  in 
Virginia,  that  colony  leading  the  industry  until  1628,  when  Massachus- 
setts  forged  ahead. 

Wood  fuel  being  plenty  in  America,  the  industry  grew  rapidly,  so 
rapidly  that  Parliament  j^assed  an  Act  in  1660,  prohibiting  the  use  of 
any  but  English  ships  in  the  exportation  of  iron  from  the  colonies;  and 
in  1679,  a  duty  of  10s.  per  ton  on  pig  iron  was  imposed  by  the  British 
Government. 

In  1750,  about  3  500  tons  of  pig  iron  liaving  been  imported  into  Eng- 
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land  from  America,  a  law  was  passed  by  Parliament  removing  this  duty, 
but  prohibiting  all  persons  in  the  colonies,  under  penalty  of  £200, 
from  erecting  a  forge,  or  working  a  tilt  hammer  or  a  rolling  mill.  This 
was  one  of  the  "grievances"  that  instigated  the  Declaration  of  Inde- 
pendence. 

The  eminent  historian  Bancroft,  commenting  on  this  fact,  says: 
"  America  abounded  in  iron  ore;  its  unwrought-iron  was  excluded  from 
the  English  market,  and  its  jieople  were  rapidly  gaining  skill  at  the 
furnace  and  the  forge.  In  February,  1750,  the  subject  engaged  the  at- 
tention of  the  House  of  Commons.*  After  a  few  days'  deliberation  a  bill 
was  brought  in  which  permitted  American  iron  in  its  rudest  forms  to 
be  imported  duty  free;  but  now  that  the  nailers  in  the  colonies  could 
aflford  spikes  and  large  nails  cheaper  than  the  English,  it  forbade 
the  smiths  of  America  to  erect  any  mills  for  slitting  or  rolling  iron,  or 
any  plating  forge  to  work  with  a  tilt." 

In  1761,  less  than  17  000  tons  of  iron  had  been  made  in  all  Great 
Britain,  and  over  4  500  tons  had  been  imported  from  America. 

CoAii  Mine  Tram-Koads. 

The  earUest  railways  in  England  were  laid  in  the  coal  mines,  and 
from  the  mines  to  the  adjacent  water  courses.  These  ways  consisted  of 
squared  timber  rails  laid  in  the  ground,  held  to  gauge  by  cross  timbers, 
to  which  they  were  fastened  by  wooden  pins. 

Koger  North,  in  1672,  in  his  biography  of  liis  brother  Francis,  the 
Xiord  Chancellor,  describes  a  Avooden  railway  which  he  bad  seen  at 
Newcastle,  during  the  reign  of  Charles  II,  as  follows:  "The  manner  of 
the  carriage  is  by  laying  rails  of  timber  from  the  colliery  down  to  the 
river  exactly  straight  and  parallel,  and  bulky  carts  are  made  \nth.  rowlets 
fitting  these  rails,  whereby  the  carriage  is  so  easy  that  one  horse  will 
•draw  4  or  5  chaldrons  of  coals. "  The  Newcastle  chaldron  weighed  5  936 
pounds,  so  that  one  horse  hauled  8  or  9  tons. 

*  The  exact  wording  of  the  act  as  finally  passed  was  as  follows:  "  And  that  pig  and  bar 
iron  made  in  His  Majesty's  colonies  in  America  may  be  further  manufactured  in  this  king- 
dom, be  it  further  enacted  by  the  authority  aforesaid,  that  from  and  after  the  24th  day  of 
Jane,  1750,  no  mill  or  other  engine  for  slitting  or  rolling  of  iron,  or  any  plating  forge  to 
•work  with  a  tilt  hammer,  or  any  furnace  for  making  steel,  shall  be  erected,  or  after  such 
■erection  continued  in  any  of  His  Majesty's  colonies  in  America;  and  if  any  person  or  persona 
«hall  erect,  or  cause  to  be  erected,  or  after  such  erection  continue,  or  cause  to  be  continued, 
In  any  of  the  said  colonies,  any  such  mill,  engine,  forge,  or  furnace,  every  person  or  persons 
so  offending  shall,  for  every  such  mill,  engine,  forge,  or  furnace,  forfeit  the  sum  of  £200  of 
lawful  money  of  Great  Britain." 
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Coal  was  mined  iu  America  as  early  as  1770,  on  the  James  Eiver  in 
Virginia;  and  was  nsed  at  the  Westham  foundry  to  manufacture  shot 
and  sheU  diiring  the  Eevolutionary  War. 

In  1825  coal  mining  had  commenced  to  be  an  industry  in  the  Schuyl- 
kill and  Lehigh  regions.  In  this  country,  as  in  England,  the  earliest 
railroads  Avere  built  in  and  from  the  coal  mines,  first  at  Mauch  Chunk, 
Honesdale,  and  Pottsville  in  Pennsylvania,  and  Chesterfield  in  Virginia, 
to  the  nearest  naAdgable  streams. 

The  first  locomotive  that  ever  turned  a  driving  wheel  on  a  railroad  on 
the  Western  Continent  was  imported  from  England  in  1829,  for  use  on 
the  Delaware  and  Hudson  Canal  Company's  road  at  Honesdale,  Penn.  I 
refer  to  the  locomotive  "Stourbridge  Lion,"  afiill  size  model  of  which 
can  be  seen  in  the  Section  of  Transj)ortation  and  Engineering  in  the 
United  States  National  Museum. 

As  the  supply  of  coal  was  increased  by  improved  methods  of  mining 
and  cheaper  means  of  transportation,  it  gradually  superseded  charcoal 
in  the  maniifacture  of  iron.  The  cost  of  pig  iron  was  reduced  from 
£16  10s.  in  1660  to  £3  in  1760,  and  the  price  did  not  vary  much  from 
this  until  the  American  Revolution  cut  oflf  the  suj^ply  of  iron  that  Eng- 
land had  been  receiving  from  the  colonies.  This  was  several  years 
previous  to  the  introduction  of  steam  pumping  engines,  which  between 
1775  and  1790— through  the  improvements  and  inventions  made  by  Watt, 
in  the  engines  of  Savery  and  Newcomen — reached  such  a  degree  of  j)er- 
fection  that  good  steam  pumps  were  jsut  in  every  prominent  colliery,  so 
that  the  amount  of  coal  mined  reached  enormous  proportions  as  the  cost 
of  mining  it  was  lessened. 

Ikon  Furnaces  in  England. 

The  following  tabular  statement  shows  the  growth  of  the  iron 
industry  in  England  during  85  years  prior  to  the  introduction  of  the- 
locomotive,  in  1825: 

Number         t>    j     i- 
^^  Production^ 

Furnaces.  ^°'^^- 


1740         Charcoal  iron 59  17  350 

1 7SS      ^  Charcoal  ii-on 24  13  100 

I  Pit  coal  (coke) 53  48  800 


jygg      S  Pit  coal  (coke) 121  124  879 

]  Charcoal none. 

1802        Pit  coal  (coke) 168  170  000 

1806        Pit  coal  (coke) 227  250  000 

1825        Pit  coal  (coke) 305  600  000 
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Thus  coal,  iron  and  the  railroad,  even  before  the  successful  introduc- 
tion of  the  locomotive,  had  become  three  equally  important  pillars  in  the 
foundation  of  the  great  systems  of  transportation,  upon  which  has  been 
built  the  splendid  structure  of  national  development  and  commercial 
prosperity  that  has  made  the  liigher  civilization  of  to-day  possible. 

Cast-Ieon  First  Used  fob  Rails  in  Encjland. 

The  price  of  iron  was  materially  reduced  as  coal  became  cheap  and 
plenty,  and  it  at  last  became  economical  to  use  it  in  the  construction  of 
rails.  It  is  probable  that  the  earliest  iron  used  in  track  construction 
was  cast  in  plates  3  or  4  feet  long,  2  or  3  inches  wide  and  i^  or  %  of  an 
inch  thick.  These  plates  were  doubtless  spiked  on  top  of  the  wooden 
stringer  rail  Avhere  the  wear  was  the  greatest. 

But  timber  was  dear  in  England  at  the  close  of  the  last  century,  and 
many  attempts  were  made  to  devise  a  cast-iron  rail  that  should  be  suited 
to  the  traffic  of  the  English  tram-roads. 

We  have  several  models*  of  the  cast-iron  rails  which  were  used 
from  1789  to  1816.  From  them  a  fair  impression  can  be  obtained  of  the 
crude  ideas  that  the  early  English  tram-way  contractors  had  in  regard  to 
rails. 

Fig.  1.  Caat-iron  Edge  Rail,  1789.  Patented  in  England  by  WilHam 
Jessop,  engineer.  Laid  on  a  road  in  Loiighborougli.  The  rail 
was  fish-bellied,  and  at  first  was  not  supported  by  a  chair,  the  Avood 
or  stone  block  being  hewn  to  fit  the  end  of  the  rail.  Near  the  ends 
the  rails  had  a  flat  jDrojecting  base,  in  which  there  were  holes  for  the 
bolts  which  fastened  them  to  the  wooden  block  or  sleeper.  (Plate 
XLIII.) 

Fig.  2.  Caxt  Edge  Rails,  1797,  with  joints  supported  by  chairs  (first 
chairs  adopted).  These  iron  chairs  were  cast  the  reverse  of  the  ends 
of  the  rail,  two  bolts  through  the  stem  of  the  rail  at  each  joint. 
Adopted  on  the  Lawson  Main  Colliery  Eoad,  Newcastle-on-Tyne, 
England,  by  Mr.  Barnes;  first  supported  by  wooden  but  finally  by 
stone  blocks.     (Plate  XLIIL) 

Fig.  3.  Cast  Edge  Rails,  1802.  Four  feet  6  inches  long.  Invented  by 
Mr.  Wyatt.  Used  on  the  railway  at  the  slate  quarry.  Lord  Pen- 
rhyn's  estate,  near  Bangor,  North  "Wales.  The  general  shape  of 
the  cross-section  of  this  rail  was  a  hexagon.  At  each  end  of  the  rail 
a  dove-tail  block,  2  inches  long,  was  cast  on  the  bottom.  This  was 
slipped  into  a  chair  which  had  previously  been  attached  by  a  bolt 
to  the  wooden  or  stone  support.  (Never  came  into  general  use.) 
(Plate  XLIII.)  

*  Drawings  from  these  models  are  given  below.    See  Plates  XLIII-XLVI. 
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Fig.  4.  Cmt  Tram  Rail,  1803,  "^vitll  flange  higlier  in  the  middle  and  a 
nib  under  tlie  tread  to  add  strength."  Used  on  the  Surrey  Eailroad, 
England.  These  rails  had  a  rectangular  notch  (half  square)  in  the 
ends,  the  joints  laeing  completed  hy  one  square-headed  iron  spike 
(countersunk).     (Plate  XLIV.) 

Fig.  5.  Cast  Rail  with  Concave  Top,  1803.  To  be  used  by  general  road 
wagon  and  to  be  embedded  in  common  roads.  Patented  by  Josiali 
Woodhouse.  This  rail  was  fastened  to  transverse  cross  ties  by  bolts 
slipped  into  slits  through  the  base.     (Plate  XLIV.) 

Fig.  6.  Cas  Tram  Rail,  1804,  3  feet  long.  From  the  track  from  Peny- 
darren  Works  to  Glamorgan  Canal,  near  Aberdare  Junction, Wales, 
upon  which  Trevithick's  first  locomotive,  to  help  man,  ran  in  1804. 
This  original  rail  was  a  gift  of  J.  W.  Widdowson,  Esq.,  London, 
Eng. ,  to  the  United  States  National  Museum,  where  it  is  on  exhibi- 
tion.    (Plate  XLV.) 

Fig.  7.  Cast  Tram  Rail,  1808,  laid  without  bolts  or  spikes.  Charles  Le 
Cann,  of  Llannelly,  Wales,  received  a  premium  of  twenty  guineas 
from  the  Society  of  Arts  for  the  invention  of  this  rail,  Avhich  was 
ingenious  in  construction.  Projecting  pins,  pyramidal  in  shape, 
were  cast  on  the  bottom  of  this  tram-rail  at  the  i^oints  where  the 
stone  supports  came  under  the  rail;  the  joints  being  dove-tailed  into 
each  other,  dispensed  with  the  need  of  any  other  form  of  joint  fix- 
ture. These  rails  were  about  5  inches  wide,  and  weighed  42  pounds 
per  yard.     (Plate  XLVL) 

Fig.  8.  Cast  Rail,  1816 ;  patented  by  Losh  &  (George)  Stephenson,  of 
Killing  worth,  Eng.  With  half-lap  joint,  through  which  a  horizon- 
tal pin  i^assed  transversely,  joining  the  rails  together,  and  at  the 
same  time  fastening  them  to  the  cast-iron  chair.  A  large  portion  of 
the  Stockton  and  Darlington  Railroad  was  laid  with  this  rail. 
(Plate  XLVL) 

Frontispiece :  Rail  Rolled  ivith  Conxex  Top,  Stem,  and  Base,  1830  (generally 
used  on  American  railroads  since  that  time;  original  section).  This 
rail  was  fastened  to  stone  blocks  with  hook-headed  spikes;  at  the 
joints  were  iron  tongues  fastened  to  the  stem  of  the  rail  by  rivets 
put  on  hot.  Rails  rolled  in  lengths  of  18  feet,  weighing  36  pounds 
to  the  yard.  The  first  standard  of  the  Camden  and  Amboy  Railroad, 
and  first  rail  ever  rolled  with  a  base.  Designed  by  Robert  L. 
Stevens,  president  Camden  and  Amboy  Eailroad;  manufactured  by 
Guest  &  Co.,  Wales,  in  1830.     (Plate  LXIL) 
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Rolled  Iron  Rails  Introduced. 

Early  in  this  century  inventive  genius  increased  the  iiower  of  the 
stationary  engine  and  the  efHcieucy  of  the  steam  blast  and  of  the 
machinery  for  workiug  and  handling  iron. 

The  puddling  furnace,  first  iised  in  1784,  was  rajiidly  improved  by 
Henry  Cart  about  the  beginning  of  the  century.  He  also  invented  and 
introduced  the  rolling  mill  about  the  same  time,  so  that  it  became 
possible  to  roll  iron  rails  cheaply.  These  were  at  first  rolled  in  lengths 
of  about  12  feet.  We  have  models  of  these  early  English  rolled  rails. 
Drawings  from  these  are  as  follows: 

Fig.  9.  Wrought-iron  Rail,  1811,  Avith  rectangular  section,  about  2  x  11^ 
inches,  used  at  Lord  Carlisle's  Coal  Works  at  Tindell  Fall,  Cumber- 
laud,  Eng.  (Plate  XLYII.) 
Fig.  10.  Wrought  iron  Rail,  1820;  patented  by  John  Birkenshaw,  of  the 
Bedlington  Iron  Works,  England.  A  clause  in  the  patent  specifica- 
tions reads:  "  The  upper  surface  to  be  slightly  convex  to  reduce 
friction.  The  upper  part  to  rest  on  supporting  blocks,  chairs  and 
sleepers.  The  wedge  form  is  used  because  the  strength  of  a  rail  is 
always  proportioned  to  the  square  of  its  breadth  and  depth.  Hence 
this  (wedge)  form  of  rail  jjossesses  all  the  strength  of  a  cube  equal 
to  its  square.  The  joints  are  made  with  a  pin. "  Birkenshaw's  inven- 
tion was  ingenious  in  designing  the  rolls  by  which  these  rails  were 
fairly  rolled  in  lengths  of  18  feet.  Cast  bars  were  soon  after  dis- 
l^ensed  with.  (Model  is  made  from  drawings  and  specifications, 
English  patent  No.  4503,  to  John  Birkenshaw,  sealed  October  23d, 
1820.)  (Plate  XLYII.) 
Fig.  11.  Wr<mght-iron  E<Ige  Rail,  1829,  with  fish-bellied  web.  These 
rails  were  used  by  Stephenson  iu  laying  the  Liverjjool  and  Man- 
chester Railway.  Chairs  used  at  joints;  rails  15  feet  long,  supports 
3  feet  apart,  weighed  35  pounds  per  yard.  (Plate  XLYII.) 
Fig.  12.  i?ai7  (original),  laid  Portage  Railroad,  Pennsylvania.  Imjiorted 
from  England  1832;  laid  1833.  It  was  the  original  design  to  lay 
the  whole  Portage  Railroad  with  stone  blocks  and  T-rail.  (Plate 
XL  Yin.) 
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The  Beginnings  and  Development  of  American  Track. 

In  1825-27  a  few  isolated  coal  tram-roads  existed  in  the  mining- 
regions  in  Pennsylvania  and  Virginia,  and  in  the  stone  quarries  in 
Massachusetts.  These  roads  were  laid  with  wooden  rails,  capped  with 
thin  merchant  bar  iron.  It  was  about  this  time  that  the  Pennsylvania 
Society  for  the  Promotion  of  Internal  Improvement  sent  an  engineer 
abroad  to  examine  the  !English  railways.  The  report  made  by 
William  Strickland,  published  (fully  illustrated)  during  the  year  1826, 
shows  that  rapid  advances  in  track  construction  had  been  made  in 
Great  Britain  during  the  preceding  decade,  notwithstanding  the  fact 
that  comparatively  few  locomotives  were  at  work  and  no  steam  railway 
for  general  traffic  had  been  opened. 

This  rejaort,  without  doubt,  contained  the  most  trustworthy  informa- 
tion obtainable  at  that  time  by  American  railway  projectors. 

But  America  presented  a  very  different  problem  from  England  to  the 
pioneer  railway  builders.  England  was  an  old  country,  rich  in  com- 
merce and  foremost  in  manufacture,  of  comparatively  small  area  and 
very  densely  settled,  having  a  population  of  nearly  two  hundred  to  the 
square  mile  of  territory.  At  that  time  the  population  of  the  whole 
United  States  was  less  than  four  to  the  square  mile.  The  seven  States, 
Connecticut,  Massachusetts,  New  York,  New  Jersey,  Pennsylvania, 
Delaware  and  Maryland,  where  most  of  the  early  railroads  were  pro- 
jected, had  an  average  population  of  a  little  over  thirty-five  to  the  square 
mile. 

English  and  American  Engineers. 

The  British  railway  prpjectors  had  the  advantage  of  being  able  to 
call  into  their  service  a  trained  force  of  civil  engineers.  These  engineers 
were  generally  connected  with  well  organized  scientific  societies,  and 
were  experienced  in  the  construction  of  public  works,  and  familiar  with 
what  had  been  done  for  years  on  the  coal  tram-roads:  men  on  whose 
judgment  the  wealthy  capitalist  was  willing  to  stake  the  money  for  the 
proposed  improvement.  England  had  numerous  machine  shops,  fairly 
well  equipped  with  tools  and  stationery  engines,  and  many  coal  min^s 
and  iron  foundries  in  operation.  It  was  thus  possible  then  to  obtain 
without  difficulty  the  material  for  laying  the  tracks  with  heavy  rails, 
firmly  attached  by  strong  chairs  to  the  sleepers  that  were  imbedded  in 
stone  ballast. 
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With  the  excejitiou  of  making  tlie  rail  lieavier,  and  using  steel  instead 
of  iron,  and  substituting  an  iron  for  the  Avooden  cross-tie  and  improving 
the  splice  chair,  there  has  been  no  great  change  in  the  English  system 
of  track  laying  in  the  last  fifty  years. 

The  civil  engineers  Avho  were  first  called  into  the  service  of  the 
American  railroads  were  generally  men  connected  with  the  army,  wha 
had  obtained  their  education  at  West  Point,  the  only  institution  in  the 
United  States  where  engineering  was  taught  at  that  time,  or  they  were 
canal  or  road  engineers  who  had  obtained  a  little  experience  in  canal 
and  turnpike  construction.  On  the  railroads  that  they  built  the 
curves  and  gradients  were  frequently  sharp  and  steep,  as  few 
cuts  or  fills  were  made.  These  cheap  roads  were  quickly  extended, 
through  a  rapidly  growing  country,  with  a  view  to  connect  the  navigable 
water  courses,  and  to  unite  with  the  steamboat  companies  in  forming 
systems  of  intercommiinication.  By  the  aid  of  these  roads  the  Western, 
and  Southern  States  rapidly  increased  in  population  and  commercial 
prosperity.  In  1832  the  South  Carolina  Eailroad  from  Charleston  to 
Hamburg,  which  was  then  the  longest  railroad  in  the  world,  135  miles, 
long,  was  one  long  trestle  work,  with  rails  of  squared  timber,  capped 
with  strap  iron,  framed  to  the  tops  of  posts,  where  grading  would  have 
been  necessary. 

America    without   Kolling    Mills   at    the   Beginning    of    the 

Eailro.\d  Era. 

When  the  corner-stone  of  the  Baltimore  and  Ohio  Railroad  was  laid 
in  1828  there  was  not  a  rolling  mill  in  all  the  United  States  where  rails 
of  the  character  laid  on  the  Stockton  and  Darlington  railroad  could  be 
rolled;  in  fact,  the  only  rails  rolled  in  America  for  several  years  after 
was  the  straj)  rail  of  merchantable  bar  iron  2i  inches  wide  and  i  of  an 
inch  thick,  the  holes  for  the  spikes  often  being  drilled  by  hand.  The 
roads,  such  as  the  Camden  and  Amboy,  in  New  Jersey,  Boston  and  Provi- 
dence, Philadelphia  and  Germantown,  and  the  Pennsylvania  (then  under 
State  control),  which  did  not  adopt  this  construction,  were  compelled 
to  obtain  their  edge  rails  and  rail  fastenings  from  England. 

The  half  century  from  1825  to  1875  may  be  called  the  experimental 
era  of  the  American  railroad,  since  the  experience  obtained  during  that 
time  has  finally  led  to  the  adoijtion  throiighout  the  whole  country  of 
an  almost  uniform  standard  of  track  construction  (depending  of  course 
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Tapon  the  traffic).     To  the  changes  in  form  and  the  development  of  the 
American  rail  during  this  period  I  particularly  invite  your  attention. 

The  First  Eail  Rolled  With  a  Base. 

From  an  examination  of  the  minutes  of  the  Board  of  Directors  of 
the  Camden  and  Amboy  Railroad,  Sei3tember,  1830,  I  find  that  in 
the  instructions  given  to  Robert  L.  Stevens,  President  and  Chief  En- 
gineer of  that  Comi^any,  who  had  been  ordered  to  visit  England  to 
inspect  and  report  upon  railroad  matters  there,  he  was  directed  to 
purchase  "  all  iron  rail,"  which  the  management  of  that  company  pre- 
ferred to  the  wooden  rail  plated  with  strap  iron. 

Mr.  Stevens  sailed  a  few  days  later,  and  it  was  during  this  voyage 
that  he  designed  the  first  rail  ever  rolled  with  a  base,  whittling  several 
-cross-sections  out  of  wood,  which  he  obtained  from  the  ship's  car- 
penter. 

He  was  familiar  with  the  Birkenshaw  rail,  with  which  the  best  Eng- 
lish roads  were  then  being  laid,  but  he  saw  that,  as  it  required  an  ex- 
pensive chair  to  hold  it  in  place,  it  was  not  adapted  to  our  country, 
where  metal  workers  were  scarce  and  iron  was  dear.  He  added  the  base 
to  the  T-rail,  dispensing  with  the  chair.  He  also  designed  the  "  hook- 
headed  "spike  (which  is  substantially  the  railroad  spike  of  to-day)  and 
the  "iron  tongue"  (which  has  been  developed  into  the  fish-bar),  and 
the  rivets  (which  have  been  replaced  by  the  bolt  and  nut)  to  complete 
the  joint. 

I  have  here  a  fac-simile  *  of  the  letter  which  he  addressed  to  the 
English  iron  masters  a  short  time  after  his  arrival  in  London.  The  let- 
ter contains  a  cross-section,  side  elevation  and  ground  plan  of  the  rail, 
for  which  he  requested  bids.     His  letter  reads : 

"LrvEKPOOL,  November  26th,  1830. 

"Gentlemen, — At  what  rate  will  you  contract  to  deliver  at  Liverpool, 
•say  from  500  to  600  tons  of  railway,  of  the  best  quality  iron  rolled  to 
the  above  pattern  in  12  or  16  feet  lengths,  to  lap  as  shown  in  the  draw- 
ing, with  one  hole  at  each  end,  and  the  projections  on  the  lower  flange 
at  every  2  feet,  cash  on  delivery? 

"How  soon  could  you  make  the  first  delivery,  and  at  what  rate  per 
month  until  the  whole  is  complete?  Should  the  terms  suit  and  the  work 
give  satisfaction  a  more  extended  order  is  likely  to  follow,  as  this  is  but 
about  one- sixth  part  of  the  quantity  required.     Please  to  address  your 


*  See  Plate  XLII. 
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answer  (as  soon  as  convenient)  to  the  care  of  Francis  B.  Ogden,  Consul 
of  the  United  States  at  Liverpool. 
I  am, 

Your  obedient  servant, 

KoiiEKT  L.  Stevens, 
President  and  Encjineer  of  the  Camden  and 
South  Amhoy  Railroad  <und  Transporia-  , 
lion  Company,'''' 

The  base  of  the  rail  which  he  first  proposed  was  to  be  wider  where  it 
was  to  be  attached  to  supports  than  in  the  intervening  spaces.  This  was 
afterwards  modified,  so  that  the  base  was  made  one  width,  (3  inches), 
throughout.  Mr.  Stevens  received  no  favorable  answer  to  his  jiroposals, 
but  being  acquainted  with  Mr.  Guest  (afterwards  Sir  John  Guest),  then  a 
member  of  Parliament  and  proprietor  of  large  iron  works  in  Dowlais, 
Wales,  he  prevailed  upon  him  to  have  the  rails  rolled  at  his  works.  Mr. 
Guest  became  interested  in  the  scheme  and  accompanied  Mr.  Stevens  to 
Wales,  where  the  latter  gave  his  personal  supervision  to  the  construction 
of  the  rolls.  After  the  rolls  were  completed  the  Messrs.  Guest  hesitated 
to  have  them  used,  through  fear  of  damage  to  the  mill  machinery,  upon 
hearing  which  Mr.  Stevens  deposited  a  handsome  sum  guaranteeing  the 
expense  of  reiiairing  the  mill  in  case  it  was  damaged.  The  receipt  for 
this  deposit  was  preserved  for  many  years  among  the  archives  of  the 
Camden  and  Amboy  Company.  As  a  matter  of  fact,  the  rolling  aj^i^ar- 
atus  did  break  down  several  times.  "  At  first,"  as  Mr.  Stevens  in  a  letter 
to  bis  father,  which  I  have  seen,  described  it,  "^the  rails  came  from  the 
rolls  twisted  and  as  crooked  as  snakes,  "and  he  was  greatly  discouraged. 
At  last  the  mill  men  acquired  the  art  of  straightening  the  rail  while  it 
cooled.  The  first  shipment,  consisting  of  550  bars,  18  feet  long,  36 
pounds  to  the  yard,  arrived  in  PhiladeliJhia  on  the  shij)  Charlemagne 
May  16th,  1831.  The  weight  of  the  next  shipment,  several  months  after- 
wards, was  increased  to  42  pounds  per  yard,  the  rail  being  3'o  inches 
high.     Over  30  miles  of  this  rail  was  immediately  laid  down. 

A  few  years  after,*  on  much  of  the  Stevens  rail  laid  on  the  Camden 
and  Amboy  Eailroad,  the  rivets  at  the  joints  were  discarded  and  the 
bolt  with  the  screw  thread  and  nut,  similar  to  that  now  used,  was  adopted 
as  the  standard.     (See  Fig.  13,  Plate  XLIX.) 

Fig.  1-1  (Plate  L)  shows  how  this  rail  was  used  on  a  superstructure  on 
the  piling  through  meadows  and  marshy  ground. 

*See  Stevens'  "Engineering  iu  America,"  1837. 


^22  WATKINS   ON   AMERICAN    RAIL   AND   TRACK. 

The  Stevens  rail  did  not  come  into  general  use  for  several  years,  the 
next  road  to  adoj^t  it  being  the  Boston  and  Providence,  about  1840. 

On  the  Boston  and  Lowell  Railroad,  Massachusetts,  the  fish-bellied 
rail  was  laid  in  chairs  on  stone  blocks. 

The  Albany  and  Schenectady  road  consisted  of  strap  rail  laid  on 
longitudinal  sleepers  of  wood,  sui^ported  on  trenches  filled  with  broken 
stone.     (See  Fig.  15,  Plate  LI.) 

On  the  Baltimore  and  Ohio  Railroad,  and  the  Columbia  road  in 
Pennsylvania,  the  strap  rail  was  attached  to  the  edges  of  stone  blocks, 
which  were  laid  on  trenches  filled  with  broken  stones;  the  corners  of  the 
;stone  stringers  were  chamfered.     (See  Fig.  16,  Plate  LII.) 

On  the  Pennsylvania  Portage  Road,  the  English  (Clarence)  rail  was 
laid  in  chairs  (1833).  As  late  as  1847,  the  Hudson  River  Road  used  the 
Stevens  rail,  supported  by  chairs,  but  these  were  soon  afterwards  dis- 
<jarded. 

The  First  American  Track. 

Mr.  Francis  B.  Stevens,  of  Hoboken,  N.  J.,  informs  me  that  in  1835 
lie  was  employed  by  the  Camden  and  Amboy  Company  to  make  a  jjrofile 
of  the  road  bed  from  South  Amboy  to  Camden.  At  that  time  there 
were  many  places  (the  longest  being  a  piece  2  miles  long,  from  the 
wharf  at  Amboy  to  Deep  Cut),  where  the  Stevens  rail  was  sjjiked  to 
the  cross-tie  according  to  the  present  practice.  This  was  at  first  re- 
garded as  a  temporary  expedient  on  account  of  the  delay  in  getting 
stone  blocks  from  Sing  Sing.  In  the  meantime  it  was  found  that  the 
■wood  ties  were  more  satisfactory  than  the  stone,  and  all  the  stone  blocks 
were  replaced  by  wood  ties.  Without  doubt  the  Camden  and  Amboy 
Railroad  was  the  first  in  the  world  to  be  laid  according  to  the  present 
American  standard. 

The  following  extract  from  a  letter  written  to  me  by  Mr.  Ashbel 
Welch,  Past  President  of  this  Society,  March  18th,  1882,  is  of  great  in- 
terest; 

"  The  road  superstructure  for  some  distance  from  Bordentown  south 
(1832-33),  was  laid  thus:  two  white  pine  3-inch  plank  were  laid  on  the 
ordinary  soil,  side  by  side  under  each  rail,  white  oak  blocks,  perhaps 
6x5  inches  high  and  2  feet  long,  were  laid  across  those  continuous 
bearers,  and  the  rails  were  laid  on  them.  Holes  1  inch  diameter,  10 
inches  deep,  were  Ijored  4  feet  apart  in  the  edges  of  the  plank  and  filled 
with  coarse  salt  and  plugged  up.  The  salt  was  all  taken  up  by  the  wood 
in  a  few  months.  I  examined  this  substructure  about  four  years  after 
it  was  put  down.     In  all  cases  within  a  foot  of  the  salt  holes  the  wood 
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was  perfectly  souutl.  The  rest  of  the  wood  was  more  or  h>ss  decayed. 
The  oak  blocks  were  badly  seasoned,  cracKed,  and  often  split  to  pieces. 
If,  instead  of  blocks,  ties  7  feet  long  had  been  used,  it  would  have  made 
a  pretty  good  road.  If  the  salt  holes  had  been  2  feet  apart  instead  of 
4  feet,  and  had  been  refilled  every  year,  the  continuous  beams  would 
have  lasted  many  years..  The  blocks  on  the  bearers  were  at  least  in 
some  i)laeos  salted,  but  the  salt  holes  onlv  hastened  the  splitting  of  the 
block.s." 

In  Johnson's  "Notes  on  the  Use  of  Anthacrite,"  published  in  1841, 
he  described  tests  of  cast-iron  rails  made  during  that  year  at  Lyman's 
foundry,  near  Pottsville,  Penn.  These  rails  were  designed  for  colliery 
railways.  They  were  only  6  feet  long.  For  3  or  4  inches  at  each  end 
the  rail  had  a  section  similar  to  the  Stevens  rail;  for  the  remaining  5^ 
feet  the  rail  was  somewhat  similar  to  the  English  bull-headed  rail. 

Up  to  the  year  1842,  when  Congress  passed  the  celebrated  high 
tariff  law,  all  imported  iron  rails  were  admitted  to  the  country  almost 
free  of  duty.  The  tariff  on  manufactured  iron,  agreed  upon  by  Con- 
gress, in  that  year  increased  the  cost  of  English  rails  to  such  an  extent 
that  the  railways  were  forced  to  seriously  advocate  the  election  of  Ameri- 
can rolling  mills  for  this  si)ecial  purpose. 

Bails  Fikst  Rolled  in  Ameeica. 

The  first  rail  mill  erected  in  this  country  was  located  at  Mount  Sav- 
age, Allegheny  County,  Md.  The  first  rail  was  rolled  in  the  summer  of 
1844.  In  honor  of  that  event  the  Franklin  Institute  of  Philadelphia 
awarded  a  medal  to  the  proprietors  in  October,  1844. 

The  rail  was  of  the  Xl  ^oi'm.  similar  to  the  Evans  (British)  jiatent,  and 
the  first  few  hundred  tons  manufactured  were  laid  on  the  Baltimore  and 
Ohio  Railroad,  between  Mount  Savage  and  Cumberland.  A  section  of 
this  rail,  which  weighs  42  pounds  to  the  yard,  was  presented  to  the 
Section  of  Transportation  and  Engineering  in  the  U.  S.  National 
Museum,  by  the  late  Colonel  James  Randolph,  for  many  years  Consult- 
ing Engineer  of  the  Baltimore  and  Ohio  Railroad  Company.  (See  Fig. 
17.  Plate  LIII.) 

Swank,  in  his  history  of  iron,  states  (page  344)  "That  the  first 
T-i"iiils  rolled  in  this  country  were  made  for  the  Montour  Iron  Com- 
pany by  Haywood  k  Snyder,  proprietors  of  the  Colliery  Iron  Works  at 
Pottsville,  the  work  being  done  at  their  branch  establishment  at  Dan- 
ville, Pa.,"  184G. 


224  WATKINS   ON   AMERICAN    KAIL   AND   TRACK. 

Among  other  early  rail  mills  were  the  following,  with  the  date  when 
they  began  to  roll  rails: 

Boston  Iron  Works May  6th,  1846 

Trenton  Iron  Works  (Cooper  &  Hewitt,  Pro- 
prietors)   June,        1846 

New  England  Iron  Co  ,  Providence,  E.  I.  ..Sept.  1st,  1846 
Phoenix  Iron  Co.,  Phoeuixville,  Pa Nov.,        1846 

The  rapidity  with  which  American  capital  was  diverted  in  this  direc- 
tion has  for  the  last  forty  years  been  one  of  the  great  arguments  used 
by  tbe  advocates  of  a  high  tariff  for  the  protection  of  American  indus- 
tries. 

During  the  year  1848,  a  very  interesting  experiment  was  tried  by  the 
engineer  of  the  Camden  and  Amboy  Eailroad.  Arrangements  were 
made  with  Cooper  &  Hewitt  at  the  Trenton  Iron  Works  to  roll  a  rail  7 
inches  high  with  a  base  4f  inches  ^vide;  15  miles  of  the  Camden 
and  Amboy  road  were  laid  with  this  rail  the  following  year.  The  engi- 
neer of  that  company  believed  that  he  had  at  last  solved  the  problem  of 
track  construction,  inasmuch  as  this  rail  gave  an  admirable  opportunity 
for  a  strong  joint.  By  experience  it  was  found  that  this  rail  was  sa 
rigid  that  it  produced  so  much  concussion  by  the  train  that  the  ends 
soon  hammered  out,  and  where  the  ballasting  was  imj^erfect  great 
damage  was  caused  to  the  rolling  stock,  consequently  the  rail  was  soon 
after  taken  up.  Much  of  this  old  rail  found  its  way  to  the  cities,  where 
it  was  bought  by  architects  and  contractors  for  building  jDurposes.* 

The  fact  that  this  rail  was  rolled  successfully  resulted  in  the  intro- 
duction of  the  "I"  beam  for  architectiiral  purposes,  Cooper  &  Hewitt 
having  done  a  large  business  at  the  New  Jersey  Iron  Works,  at  Trenton, 
in  this  line,  ever  since  that  time.  Fig.  18  shows  a  section  of  this  rail 
which  was  laid  between  Bordentown  and  Burlington  in  1849.  (See  Fig. 
18,  Plate  LIII.) 

Pear  Shaped  Bails. 

The  first  American  T-rails  were  made  of  inferior  iron,  and  this  was 
one  of  the  causes  that  led  to  the  adoption  of  the  section  with  a  pear- 
shaped  head,  with  which  many  roads  were  laid  during  the  next  fifteen 
or  twenty  years. 

We   have    models    of    cross-sections    of    four    of    the   pear-shaped 

*  Among  other  places,  many  of  these  rails  were  used  for  beams  in  the  United  States 
Mint  at  Philadelphia. 
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rails  tlc^scribed  in  the  rejjort  of  the  Eailroad  Commission  of  the  State  of 
New  York  for  1855. 

Fig.  19.  Bail.     New  York  and  Erie  Railroad.     Fifty-six  pounds  to  the 

yard.     In  use  in  1855.     (Plate  LIII.) 
Fig.  20.   Rail.     Buflfalo,  Corning  and  New  York  Railroad.     Sixty-two 

pounds  to  the  yard.     In  i;se  in  1855.     (Plate  LIII.) 
Fig.  21.    Hail.     Now  York  Central  Railroad.     Fifty-six  pounds  to  the 

yard.     In  use  in  1855.     (Plate  LIII.) 
Fig.  22.  Rail.     Saratoga  and  Schenectady  Railroad.     Sixty-five  pounds 

to  the  yard.     In  use  in  1855.     (Plate  LIII.) 

The  obtuse  angle  between  the  lower  side  of  the  head  and  the  stem  of 
the  rail  made  it  difficult  to  aj^ply  a  splice  bar  of  any  kind  to  advantage, 
and  this  fact  led  to  the  introduction  of  the  ring  joint  (one  iron  ring 
passing  through  two  slots,  one  in  each  stem  of  adjacent  rails  and  jjassing 
around  under  the  base  of  the  rail  and  held  in  position  by  a  wedge 
driven  between  the  ring  and  the  rail-stem).  Chairs  and  other  joint 
fixtui'es  attached  entirely  to  the  base  of  the  rail  were  also  exjierimented 
with,  but  generally  without  satisfaction,  judging  from  the  fact  that  none 
have  survived. 

Fig.  23  is  a  rail  without  base,  laid  on  the  Hempstead  Branch,  Long 
Island  Railroad.  Sujiported  by  chair;  it  weighed  40  pounds  to  the 
yard,  and  was  in  use  in  1855.     (Plate  LIII.) 

The  difficulty  in  making  good  joints  with  the  pear-headed  rail  was 
ovei'come  by  some  of  the  Engineers  by  planing  away  a  portion  of  the 
head  of  the  rail  for  a  foot  or  18  inches  from  each  end.  In  Fig.  24, 
Plate  LIII,  is  shown  a  section  of  the  pear-headed  rail,  fitted  for  splice 
bar,  used  on  the  Erie  Railroad. 

On  this  rail  a  cast-iron  angle  splice  containing  four  bolts  and  measur- 
ing 9  inches  in  length,  was  used  as  early  as  1857.  On  the  Pennsylvania 
Railroad  and  on  the  Belvidere-Delaware  Railroad,  as  will  be  seen  in 
the  plate,  the  rails  were  constructed  with  special  reference  to  use  of 
a  sjilice  bar  almost  square  at  the  head  and  base  of  the  rail  as  early 
as  1857. 

The  XX  vail  with  a  metal  shoe  running  the  full  length  of  the  rail 
to  which  it  was  bolted,  thus  adding  to  its  strength,  was  used  on  the 
Great  Western  Railway  of  Canada.     (See  Fig.  25.) 

Fig.  25.  Compound  _Q_  Rail.  Great  Western  Railroad,  Canada  West. 
Sixty-five  pounds  to  the  yard.     In  use  in  1855.     (Plate  LIII.) 
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Compound  Rails. 

The  difficulty  in  obtaming  satisfactory  joint  fixtures  on  tlie  American 
jjear-shaped  section  led  to  the  introduction  of  the  compound  rail. 

From  the  same  report  alluded  to  above,  I  have  had  these  five  models 
made  of  compound  rails  in  use  in  the  State  of  New  York  in  1855. 

Fig.  26.    Compound  Rail.     New   York   Central   Railroad.     Seventy-five 

pounds  to  the  yard.     In  use  in  1855.     (Plate  LIII.) 
Fig.  27.   Compound  Rail.     New  York  Central  Railroad.     Sixty  pounds 

to  the  yard.     In  use  in  1855.     (Plate  LIII.) 
Fig.  28.   Compound  Rail.     New  York   Central  Railroad.     Seventy-five 

pounds  to  the  yard.     In  use  in  1855.     (Plate  LIII.) 
Fig.  29.    Compound  Rail.     Troy  Union  Railroad.      Sixty- five  pounds  to 

the  yard.     In  use  in  1855.     (Plate  LIII) 
Fig.    30.     Wide    Compound    Rail.     Troy    Union    Railroad.     Sixty-five 

pounds  to  the  yard.     In  use  in  1855.     (Plate  LIII.) 

When  the  track  composed  of  these  compound  rails  was  new,  it  is 
described  by  those  who  rode  upon  it  as  being  the  finest  track  of  the 
period,  and  a  large  number  of  rails  of  difterent  shapes  wei'e  rolled  and 
laid.  No  satisfactory  nut  lock  was  in  use  at  that  time,  and  as  the  screw 
threads  wore  and  traffic  became  heavier,  the  different  i^arts  of  the  rails 
could  only  be  kept  together  by  constant  attention,  in  screwing  up  the 
nuts,  etc.  As  the  rails  laid  were  of  iron,  the  wear  of  the  inner  surface 
was  considerable,  so  that  in  a  little  while  the  track  was  badly  damaged 
and  the  old  solid  rail  had  to  be  substituted. 

It  is  still  an  unsolved  question  whether  or  not  (with  some  improve- 
ment in  the  section,  and  made  of  steel  and  held  together  with  the  im- 
proved bolt  and  nut  lock),  the  compound  rail  may  be  the  rail  of  the 
future. 

Poor  Rails  Laid  During  WAii  Times. 

During  the  next  ten  years  little  seems  to  have  been  done  by  Ameri- 
can railroad  contractors  to  improve  the  shape  of  the  rail  or  joint  fixtures; 
in  fact,  during  the  civil  war,  iron  was  dear  and  little  rail  was  rolled,  few 
new  railroads  being  built  and  repairs  to  tracks  only  being  made  under 
the  gravest  necessity.  Almost  all  the  forms  of  rails  which  were  made 
during  these  few  years  were  designed  by  the  proprietors  of  rail  mills 
who  naturally  adopted  such  shapes  as  were  easy  for  them  to  make,  and 
the  railroads,  when  further  delay  was  dangerous,  went  into  the  market 
and  purchased  such  as  were  ofi'ered  at  the  lowest  price,  without  regard 
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to  the  sliai)e  of  the  rail  or  the  quality  of  the  irou  or  whether  it  was  de- 
sigued  for  light  or  heavy  traffic. 

The  AsHBEii  "Welch  R^ul. 

After  the  close  of  the  war  in  1865  it  became  necessary  to  re-lay  a  large 
percentage  of  the  mileage  of  almost  every  railroad.  Upon  many  of  the 
roads  some  of  the  same  rails  were  in  use  with  which  the  roads  were 
originally  laid,  and  the  roads  between  Washington  and  New  York  were 
no  exception  to  the  general  rule.  The  late  Mr.  Ashbel  "Welch,  Past 
President  of  this  Society,  in  "A  Memoir  on  Rails,"  read  before  the  So- 
ciety, June  10th,  1874  (fifteen  years  ago),  states  that  "during  the  year 
1865  the  task  ijresented  itself  to  me  of  devising  or  selecting  suitable 
forms  of  rails  for  the  system  of  railroads  occupying  the  central  part  of 
the  State  of  New  Jersey  between  Philadelphia  and  New  York,  of  which 
I  was  the  executive  officer  as  well  as  engineer." 

The  62-pound  Ashbel  "Welch  rail,  which  was  rolled  by  the  Bethle- 
hem Irou  Company  during  the  following  year,  was  4i  inches  high,  the 
base  being  4  inches  and  the  stem  i  an  inch  thick;  the  angle  of  inclina- 
tion of  bearing  surfaces  both  on  the  top  of  the  base  and  bottom  of  the 
head  being  14  degi'ees. 

A  model  is  presented  of  the  Welch  50-pound  and  62-pound  rail  as 
originally  designed.  Substantially  this  form  of  rail  was  adopted  by 
the  railroads  in  the  Eastern  and  Middle  States  previous  to  the  year  1873, 
although  when  the  rails  were  first  laid  the  cross-section  was  strongly 
objected  to.     (See  Figs.  31  and  32,  Plate  LIII.) 

Mr.  "Welch's  labors  in  this  direction  led  to  his  being  considered  one 
of  the  foremost  rail  designers  in  America,  and  in  1873  he  was  appointed 
chairman  of  a  committee  by  this  Society  to  report  on  the  "Form, 
Weight,  Manufacture  and  Life  of  Piails."  The  other  members  of  the 
committee  were  Messrs.  M,  N.  Forney,  O.  Chanute,  and  I.  M.  St. 
John.  The  report  of  that  committee,  presented  at  the  Annual  Conven- 
tion, June,  1874,  was  the  most  exhaustive  treatise  on  the  subject  of  rails 
published  up  to  that  time. 

In  Mr.  Welch's  memoir  attached  to  this  report,  in  alluding  to 
his  pattern  of  1865,  he  states:  "I  made  one  decided  mistake  in  this 
pattern  by  not  having  the  outer  bottom  corners  of  the  head  sharp 
enough;  or  rather  I  yielded  too  much  to  the  feeling  against  such  an 
unsightly  thing  as  an  angle  head."     The  rail  proposed  by  Mr.  Chanute 
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in  the  same  report,  published  fifteen  years  ago  (a  model  of  the  cross- 
section  is  here),  is  not  dissimilar  to  the  section  of  standard  66-pound 
rail,  now  in  use  on  the  Chicago,  Burlington  and  Quincy  and  several 
other  railroads.     (See  Fig.  33,  Plate  LIII.) 

Steel  Eails  Inteoduced. 

T  shall  not  attempt  to  enter  into  the  history  of  the  introduction  of 
Bessemer  steel  in  America,  nor  the  conflicts  in  the  United  States  Patent 
Office,  which  finally  resulted  in  a  compromise  and  consolidation  of  the 
various  interests  involved. 

Taking  Swank's  '-'  History  of  Iron  iu  all  Ages  "  again  as  my  authority, 
I  find  that  "the  first  steel  rails  ever  made  in  this  country  were  rolled  at 
the  North  Chicago  Rolling  Mill  in  May,  1865. "  These  were  experimental 
rails,  only  a  few  being  rolled  in  the  presence  of  a  committee  of  the 
American  Iron  and  Steel  Association. 

The  first  steel  rails  ever  rolled  in  the  United  States  upon  order  in 
the  way  of  regular  business  were  rolled  by  the  Cambria  Iron  Company, 
at  Johnstown,  Penu.,  iu  August,  1867.  In  no  one  year  during  the  next 
five  years  was  more  than  40  000  tons  of  Bessemer  steel  rails  manufac- 
tured iu  the  United  States. 

About  1870-'73  attempts  were  made  by  several  rail  manufacturers  to 
roll  rails  that  should  have  a  steel  head  and  iron  web  and  flange — "steel 
top  rail,"  it  was  called.  A  considerable  quantity  of  this  rail  was  rolled 
by  the  Trenton  Iron  ComiDany,  for  the  New  Jersey  Division  of  the  Penn- 
sylvania Railroad  Company.  While  this  experiment  was  reasonably 
successfvil,  the  lessened  cost  of  making  steel  soon  afterwards  made  it 
practicable  to  make  the  whole  rail  of  steel. 

I  well  recollect,  while  in  charge  of  the  Maintenance  of  "Way  Ac- 
counts of  the  Amboy  Division  of  the  Pennsylvania  Railroad  in  1873, 
charging  out  steel  rails  at  6140  per  ton.  The  outpiitof  steel  rails,  which 
aggregated  90  000  tons  in  1872,  increased  from  year  to  year,  so  that  iu 
1882,  ten  years  later,  the  output  reached  nearly  1  500  000  tons,  the  price 
falling  from  ^140  to  $35,  one  quarter  the  cost  of  ten  years  before. 

During  the  lest  ten  or  twelve  years  no  radical  change  has  been  made 
iu  the  shape  of  the  section  of  rails  laid  by  first-class  railroads.  It  is  true 
that  the  constantly  increasing  weight  of  the  locomotive  and  of  the 
lading  of  the  freight  cars  has  made  it  necessary  to  use  heavier  rails — the 
increased  metal  being  put  in  the  head  (where  the  traffic  is  heavy),  or  in 
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tlio  base  (the  base  of  some  staudard  sections  being  made  as  wide  as  5  or 
5 J  inches),  where  the  cross  ties  upon  which  the  rail  is  laid  are  of  soft 
Avood.  The  general  shape  of  the  rail  has,  however,  been  but  slightly 
changed. 

Two  statements  made  by  Mr.  Robert  W.  Hunt,  M.  Am.  Soc.  C.  E., 
in  a  paper  read  at  a  late  meeting  of  Mining  Engineers,  are  of  great 
interest.  He  asserts  that  "It  is  j^erfectly  proper  that  all  the  strains  to 
which  the  proposed  rail  will  be  subjected  should  be  considered  and 
caleulated,  but  the  ability'  to  resist  them  will  depend  quite  as  much  upon 
the  character  of  the  metal  as  the  form  of  the  section,"  and  in  another 
place  he  states  :  "The  metal  commonly  known  as  steel  is  almost  as 
sensitive  to  treatment  as  woman.  It  will  stand  any  amount  of  punish- 
ment, if  administered  by  judicious  hands,  and  unexpectedly  rebel  if  a 
less  amount  is  given  with  indifference.  Now,  we  cannot  always  control 
the  judgments  or  rather  the  actions  of  irresponsible  steel  operatives  ; 
thei'efore,  sound  i^olicy  dictates  that  we  give  them  a  section  to  which 
they  can  do  the  least  injury." 

That  there  is  an  opjjortunity  for  some  improvement  in  rail  construc- 
tion would  seem  to  be  indicated  by  the  statement  made  in  a  pajaer  read 
by  Mr.  M.  N.  Forney,  M.  Am.  Soc.  C.  E. ,  before  the  Master  Car  Build- 
ers' Association,  in  June,  1884.  He  says:  "  Probably  very  few,  if  any, 
of  the  rail  sections  at  present  in  use  would  fit  the  sections  of  treads  and 
(car  wheel)  flanges.  We  have,"  he  continues,  "  this  curious  condition  of 
things  :  the  forms  of  rails  have  been  designed  by  one  set  of  men,  and  the 
wheel  treads  and  flanges  by  another,  apparently  without  any  reference 
to  each  other." 

RECAPITrLATIOX. 

To  recapitulate  then,  briefly,  the  steps  that  have  led  to  the  present 
American  system: — the  demand  for  wood  to  smelt  iron  reduced  the 
English  forests  so  rapidly  that  it  became  necessary  to  use  coal,  which 
was  abundant,  for  fuel:  thoiight  was  thus  directed  to  the  imi^rovement 
of  the  methods  of  transporting  coal,  which,  in  order  to  reduce  the  cost, 
was  accomplished  first  by  horse-power  over  wooden  tram-ways:  and 
the  introduction  of  the  steam  pumping  engine,  which  occurred  in  the 
meantime,  while  making  a  demand  for  coal  fuel,  also  helped  to  reduce 
the  cost  of  mining  it,  thus  making  it  practicable  to  use  coal  in  the  manu- 
facture of  iron,  reducing  the  cost  of  iron  to  such  a  i)rice  that  it  was 
•economical  to  replace  the  wooden  tracks,  first  by  the  cast-iron  tram-road. 
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aucl  finally  by  rolled  iron  rails,  wliicli  were  made  hy  improved  machinery, 
and  ui^on  wliicli  the  steam  locomotive,  which  had  been  invented  in 
the  meantime  and  gradiially  improved,  could  run  rapidly  and  safely. 

In  1830  Robert  L.  Stevens  invented  and  rolled,  under  his  personal 
supervision,  the  first  rails  ever  rolled  with  a  base — designed  to  be  attached 
to  the  tie  by  a  spike:  before  1835  the  Camden  and  Amboy  Eailroad,  as  a 
temporary  exjoedient  at  first,  laid  the  first  mile  of  track  ever  laid  in 
the  world  practically  according  to  what  is  known  as  the  American 
system  of  to-day:  the  Stevens  rail,  as  modified  and  improved  by  the 
committee  of  this  Society  in  1874,  of  which  Mr.  Welch  was  chairman, 
determined  j)ractically  the  form  and  shape  of  the  rail  now  in  general 
use  by  i^rominent  American  railroads. 

Joint  Fixtures. 

In  reviewing  the  history  of  the  development  of  the  American  tracks 
the  matter  of  joint  fixture  appears  to  have  attracted  a  very  large  share 
of  attention;  the  advocates  of  each  system  claiming  to  have  found  the 
ideal  fixture,  the  use  of  which  makes  the  track  as  strong  at  the  joint  as 
at  any  other  jjoint  of  the  rail. 

As  early  as  1857  the  angle  splice  bar  (or  bracket  joint,  as  it  was 
called)  was  tried  on  the  Erie  Railroad  and  abandoned  (see  Fig.  34,  Plate 
LIV).  We  have  known  the  plain  and  angle  sj^lice  bar  to  be  used  as  short 
as  10  inches,  and  have  seen  it  generally  increased  a  few  inches  at  a  time, 
until  it  has  reached  36  inches  in  length.  Hundreds  of  miles  of  track 
have  been  laid  with  all  the  joints  "swung."  Hundreds  of  miles  (especi- 
ally since  the  West  Shore  Eailroad  was  built)  have  been  laid  with  the 
rails  supported  at  the  joints. 

Each  system  has  its  adherents.     It  occurs  to  me  that  when  we  find 

the  long-looked  for  fixture  which  renders  the  track  as  strong  at  the  joints 

as  elsewhere,  it  will  make  no  difference  whether  the  joint  is  "swung" 

or  supiiorted. 

Feogs  and  Switches. 

The  scope  of  this  pajjer  will  not  permit  me  to  take  up  the  question 
of  frogs  and  switches — further  than  to  call  attention  to  the  photograph 
facsimile  of  a  plate  in  Mr.  William  Strickland's  report  of  1825,  to  the 
Pennsylvania  Society  of  Internal  Improvement,  showing  the  frogs  and 
switches  in  use  on  the  colliery  roads  of  England  several  years  before  the 
locomotive  was  put  in  regular  service  (see  Fig.  35,  Plate  LV). 
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English  and  American  Pbactice. 

The  traflic  on  English  and  American  roails,  while  differing  consider- 
ably, is  similar  in  many  respects. 

The  admirable  paper  on  this  subject,*  and  the  able  discussion  of  it 
recently  published  in  the  Transactions  oi  this  Society,  have  placed  us  in 
possession  of  valuable  information  in  regard  to  the  comparative  efficiency 
of  the  two  systems. 

The  Pennsylvania  Railroad's  recent  exi:)eriments  with  the  English 
bull-headed  rail  and  iron  cross-ties,  manufactured  according  to  the  Webb 
system,  have  not,  I  understand,  been  very  satisfactory,  owing  to  the  fact 
that  the  heavy  rolling  stock  used  on  that  road  causes  the  metal  ties  to 
rise  and  "  float "  on  the  ballast.  This  would  appear  to  be  a  defect  of  the 
tie  rather  than  of  the  rail.  In  riding  over  several  miles  of  track  laid 
according  to  this  system,  near  Crewe,  in  1886,  I  was  most  favorably  im- 
pressed with  its  durability  (some  portions  had  been  in  use  several  years), 
as  well  as  with  the  smoothness  with  which  the  train  rode  at  high  speeds. 

In  examining  the  merits  of  any  system,  exijeriments  made  by  laying 
a  few  thousand  feet  of  track  are  not  to  my  mind  conclusive. 

Is  it  certain  that  one  system  is  much  better  than  the  other  ?  Perhajis 
a  modification  of  one  or  the  other  would  be  better  than  either.  Each 
experiment  should  be  made  Avith  the  greatest  "care,  nor  should  con- 
clusions be  reached  too  hastily.  "When  we  think  of  the  immense  interests 
involved,  it  would  seem  that  every  movement  made  in  this  direction 
should  be  encouraged. 

I  have  not  ventured  (for  I  am  not  jirepared)  to  discuss  the  merits  and 
shortcomings  of  any  of  the  standard  systems  of  permanent  way  adopted 
by  the  more  prominent  railroad  companies,  nor  to  pretend  to  answer  the 
question,  so  often  asked  :  "  What  is  the  gravest  defect  of  maintenance  of 
way  ?"  Nor  will  I  attempt  to  make  any  prophecy  in  regard  to  increasing 
the  weight  of  the  rail  or  substituting  metal  for  iron  ties  in  the  future. 

In  looking  back  over  the  history  of  the  development  of  the  American 
track,  I  am  impressed  with  the  fact  that  the  expei'iments  and  investi- 
gations of  a  very  few  men  have  had  great  influence  in  bringing  about 
the  establishment  of  the  present  system. 

The  prejudices  which  once  existed  between  American  and  foreign 
engineers  are  rapidly  being  obliterated.     Our  parlor  cars  have  been 

*  "  English  and  American  Railroads  Compared,"  by  Edward  Bates  Dorsey.  Trantactions, 
Vol.  XV,  January,  1886. 
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experimented  with  on  British  roads.  An  English  compound  locomotive 
has  recently  been  imported  by  a  prominent  American  company  for 
experimental  purposes,  and  a  mile  of  English  track  has  been  laid  by  the 
same  company. 

Our  journals  are  full  of  information  in  regard  to  foreign  jiractice. 
We  read  of  the  jDrogress  in  railroad  construction  in  China,  Russia,  India 
and  Africa.  A  single  decade  of  the  nineteenth  century  remains.  Upon 
the  doctrine  of  the  "survival  of  the  fittest,"  may  we  not  hope  that  the 
next  tea  years  will  decide  which  system  now  in  existence  contains 
the  most  elements  of  promise  for  the  future. 

In  conclusion,  I  wish  to  state  that  in  this  paper  I  have  preferred  to 
confine  myself  to  a  description  of  such  rails  as  are  represented  by  orig- 
inal sections,  models  or  drawings  in  the  Section  of  Transportation  and 
Engineering  in  the  United  States  National  Museum,  which  is  under 
the  control  of  the  Smithsonian  Institution.  Of  this  section  I  have  acted 
as  curator  for  several  years,  but  have  only  been  able  to  organize  active 
work  during  the  last  eighteen  months. 

I  am  fully  concious  that  I  have  been  compelled  to  overlook  many 
things  which  are  of  great  historical  interest,  owing  to  the  fact  that  our 
collection  is  small — only  a  nucleus  in  reality. 

May  I  not  hope  that  members  of  the  American  Society  of  Civil 
Engineers,  who  have  been  foremost  in  so  many  good  works,  may  each 
lend  a  helping  hand  to  increase  this  collection,  so  that  he  who,  in  the 
year  1900,  writes  the  history  of  the  birth  and  development  of  the  Amer- 
ican railroad  during  the  nineteenth  century  may  have  a  much  more 
comprehensive  collection  to  examine  and  describe  than  has  been  my 
privilege  to  refer  to  in  preparing  this  paper. 
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RAILWAYS  OF  MEXICO. 


By  WiiiiiiAM  Barolay  Parsons,  M.  Am.  Soc.  C.  E. 


The  Republic  of  Mexico  is  divided  iiito  tweiity-nine  States,  with  a 
combined  area  of  739  700  square  miles,  aud  with  a  population  of  about 
10  500  000,  divided  as  follows,  as  closely  as  can  be  estimated,  for  there 
•are  uo  reliable  statistics  : 

Whites 2  000  000  ~ 

Mixed  breeds 4  500  000 

Indians 4  000  000 


10  500  000 

At  the  iiresent  time  Mexican  Railways  aggregate  in  length  about 
4  500  miles,  with  about  750  miles  more  whose  construction  is  in  hand  or  is 
about  to  be  commenced  at  an  early  date  ;  not  including  roads  operated 
by  animal  power,  of  which  there  are  quite  a  number,  some  of  them  being 
of  considerable  importance,  like  the  line  from  Vera  Cruz  to  Jalapa, 
which  is  61  miles  long. 

In  Mexico  there  are  practically  three  trunk  or  main  lines  to  which 
all  others  are  feeders  or  branches.     Those  three  are — First,  the  Mexi- 
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can  Eailway,  the  oldest  and  in  many  respects  the  most  important 
road  in  the  country,  extending  from  the  City  ot  Mexico  to  Vera 
Cruz,  263i  miles,  with  a  branch  29i  miles,  from  Apizaco  to  .Puebla. 
Second,  the  Mexican  Central,  whose  main  line,  1  223  miles  long,  con- 
nects the  City  of  Mexico  with  El  Paso,  Texas,  while  branches  in 
addition  amount  to  595  miles.  From  Torreon,  a  station  on  the  Central 
517  miles  south  of  El  Paso,  commences  the  Mexican  International,  which 
running  northeasterly  384  miles,  strikes  the  Texas  frontier  at  Eagle 
Pass,  where  connection  is  made  with  the  Southern  Pacific.  Although 
the  International  is  a  separate  organization  from  the  Central,  being- 
owned  by  the  Huntington  interests,  it  is,  nevertheless,  geographically 
speaking,  a  feeder  to  the  Central,  and  forms  the  princiiaal  American 
connection  for  that  company.  In  fact,  I  understand  that  65  j^er  cent,  of  the 
United  States-Mexican  traffic  passes  over  the  International ;  the  remain- 
ing 35  per  cent,  being  divided  between  the  National  and  the  Central  line  to 
El  Paso.  Third,  the  Mexican  National  Railway,  which,  starting  from  a 
connection  with  the  International  and  Great  Northern  at  Lai'edo,  Texas, 
has  been  completed  within  the  past  year  to  the  City  of  Mexico,  837 
miles,  while  branches  bring  the  total  mileage  up  to  1  217,  This  line 
practically  parallels  the  Central,  and  is  a  competitor  for  United  States 
business,  although  sufficiently  removed  as  not  to  interfere  with  local 
sources  of  traffic.  It  has  the  advantage  of  providing  a  line  242  miles 
shorter  to  New  York  than  via  the  Central-International,  but  suffers  the 
great  disadvantage  of  being  narrow  gauge,  necessitating  transfer  at 
Laredo. 

Of  new  lines  under  construction  the  most  important  are — First,  the 
Monterey  and  Mexican  Gulf,  from  Monterey,  on  the  National,  to  Tampico, 
a  port  on  the  Gulf  of  Mexico,  300  miles.  This  road  is  being  well  built  by 
New  York  parties,  and  will  form  when  completed  the  only  low  grade  line 
(maximum  grade  1.5  per  cent.)  connecting  the  Gulf  with  the  inte- 
rior. It  traverses  a  fine  section  and  will  undoubtedly  prove  successful. 
Second,  a  branch  of  the  Central  from  Aguas  Calientes  to  Tampico, 
380  miles  long,  which  is  just  completed.  This  has  been  a  very  exjien- 
sive  i^iece  of  work,  requiring  4  per  cent,  grades  to  make  the  ascent  from 
the  coast.  At  present  the  harbor  of  Tampico  is  poor,  the  depth  of  water 
on  the  bar  being  insufficient.  The  government,  however,  has  made  a 
concession  to  the  Central  Railway  to  improve  it ;  this  done  and  with 
two  railways,    Tampico   is   likely  to  become   a   place   of  importance. 
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Third,  the  Interoceanic  Eailway,  which  j'l'oposes  to  connect  the  Atlantic 
at  Vera  Cruz  with  the  Pacific  at  Acapulco,  via  the  City  of  Mexico, 
479  miles.  About  280  miles  of  main  line  and  20  miles  of  branches 
are  in  operation  to  Jate.  The  construction  of  the  Vera  Cruz-City 
of  Mexico  portion  is  being  actively  pushed,  and  when  completed 
it  will  form  a  direct  competitor  against  the  Mexican  liailway ; 
although  its  route  via  Jalapa  and  Puebla  is  somewhat  longer,  neverthe- 
less, on  account  of  lighter  gradients  and  much  less  cost  of  construction, 
it  will  be  able  to  comi^ete  with  great  advantage.  The  Interoceanic 
gauge,  however,  is  3  feet.  Both  roads  are  controlled  by  English  capital. 
Fourlh,  the  Mexioan  Southern  Railway,  whose  construction  is  about 
to  be  commenced,  surveys  now  being  in  progress.  This  road  is  to  be 
owned  in  England,  and  is  to  be  built  by  Messrs.  Bowes-Scott,  Read, 
Campbell  &  Company,  the  well  known  firm  of  contractors,  with  offices 
in  Loudon  and  Mexico.  The  line  ia  to  start  from  Puebla,  where  it  will 
connect  with  both  the  Mexican  and  Interoceanic  Railways,  thence  via 
Tehuacan  and  Oaxaca  to  Tehuantepec.  Other  branches  will  be  built, 
which  will  bring  the  total  mileage  up  to  about  500  miles.  This  road 
will  be  important  from  the  fact  that  it  will  carry  the  Mexican  system  of 
railways  300  miles  further  south,  and  through  a  rich  though  com- 
paratively unknown  section  of  country.  Population  already  in  existence, 
which  will  be  served  by  it,  amounts  to  about  200  000.  It  is  proposed  to 
use  a  3-foot  gauge  and  to  woi-k  in  harmony  with  the  Interoceanic. 

In  Mexico,  railways  are  built  under  direct  concessions  from  the 
government.  These  concessions  confer  the  right  on  one  or  more  indi- 
viduals to  construct  a  line  of  railway  according  to  the  approval  of  a 
cabinet  officer  and  an  engineer  appointed  by  him.  The  concession 
carries  either  a  subsidy  of  government  G  per  cent,  bonds  at  a  stipulated 
rate  per  kilometer,  to  be  paid  to  the  company  as  fast  as  the  road  is 
accepted  in  sections  by  the  government  engineer,  or  a  subsidy  in  cash  to 
be  i^aid  annually  ;  at  the  end  of  ninety -nine  years,  the  road  to  pass  into 
the  absolute  possession  of  the  government,  with  or  without  additional 
payment,  according  to  the  terms  of  the  original  concession. 

Such  is  in  general  the  form  of  concession,  although  of  course  varied 
from  in  certain  cases.  For  instance,  to  the  Interoceanic  Railway  the 
government  guarantees  absolutely  for  a  period  of  fifteen  years,  interest 
at  8  per  cent.,  which  period  is  to  be  extended  to  twenty-one  years  if 
the  road  is  comijleted  within  a  term  of  seven  years,  while  the  concession 


•236  PARSONS   ON   RAILWAYS    OF   MEXICO. 

of  the  Isthmus  Railway  stipulates  that  the  government  shall  own  the 
railway  immediately  on  completion  and  not  wait  for  the  usual  period  of 
ninety-nine  years. 

Concessions  as  a  rule  either  explicitly  or  implicitly  limit  the  charter- 
ing by  the  government  of  iiarallel  or  competing  lines  within  certain 
reasonable  distances.  They  also  permit  the  importation  of  all  material 
required  in  construction  free  of  duty. 

Whether  the  railways  will  actually  pass  into  the  hands  of  the  govern- 
xnent  is  a  matter  of  dispute  even  in  Mexico,  many  contending  that  public 
interests  would  not  best  be  served  by  government  control,  and  that  owing 
to  the  instability  of  the  Mexican  government  some  default  will  have  been 
made  by  it  during  that  period,  which  will  act  as  a  bar  to  its  enforcing  its 
\3laim.  In  fact,  part  default  has  already  been  made  on  most  of  the 
existing  concessions.  But  perhaps  at  the  end  of  ninety-nine  years  the 
"President  and  People  of  the  United  States  in  Congress  assembled"  will 
Tiave  a  voice  in  the  matter,  although  at  present  it  is  not  clear  that  any 
advantage  would  accrue  to  the  United  States  from  such  a  step. 

At  present  Mexican  railways  are  doing  better  financially  than  ever 
before.  The  following  table  shows  the  earnings  of  the  Mexican  Rail- 
way for  three  years,  the  figures  being  taken  from  their  reports  and  re- 
duced into  United  States  dollars,  in  which  currency  all  values  in  this 
paper  are  given  unless  otherwise  stated : 


1888. 

Gross  earnings $3  863  581 

Operating  expenses 1  307  692 

Net  earnings $2  555  889 

Percentage  of  operating  expenses.  .34  per  cent. 


Earnings  per  mile 1888. 

Gross $13186 

Net 8  723 


1887. 

$3  617  561 

1  267  071 

1886. 

$3  156  094 
1  261  495 

$2  350  490 

$1  894  599 

35  per  cent. 

1887. 

$12  3i6 
8  022 

40  per  cent 

1886. 

$10  772 

6  466 

These  earnings  would  pay  5  per  cent,  interest  on  the  following  capi- 
talization per  mile: 

1888.  1887.  1886. 

Per  mile Si  74  460  SI 60  440  S129  320 
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The  capital  account  of  the  Mexican  Kailway  stands  as  follows: 

Orilinary  stock £2  254  720 

First  ijreference  8  per  cent,  stock 2  554  100 

Second  preference  6  per  cent,  stock 1  Oil  960 

Six  per  cent,  perpetual  debenture  stock   2  000  000 

Second  mortgage  stock 249  GOO 

£8  070  38(> 

Capitalization  per  mile £27  600 

Or .S135  000 


Partly  on  account  of  heavy  work,  but  more  as  the  result  during  con- 
struction of  bad  management  and  other  difficulties,  some  of  them 
political,  it  is  the  most  expensive  railway  in  the  world. 

An  examination  of  the  figures  shows,  first,  very  high  earnings  per 
mile;  second,  a  low  proportion  of  operating  expenses,  and  third,  a  grati- 
fying increase  in  business. 

The  first  two  of  these  conditions  are  due  to  the  very  high  freight 
rates  charged,  and  so  far  to  a  monopoly  of  the  business.  The  follow- 
ing is  a  i)ortion  of  the  tariff  on  through  freight  from  Vera  Cruz  to 
Mexico  City,  263  miles,  per  "  ton  "  of  1  000  kilos— equivalent  to  2  204 
pounds  or  substantially  a  long  ton. 

Car  Load.  Less  than  Car  Load. 

Bricks ^11  25  ^15  00 

Carpets 30  00 

Steel  in  bars 17  25  22  50 

Carcasses  of  meat 30  00 

Oats 18  75  22  50 

Crockery  and  glassware 30  00 

Beer  in  bottles  and  casks 18  75  22  50 

Cocoa 26  25  30  00 

Drugs 30  00 

Coal  and  coke 9  00  

Iron  chains 17  25  22  50 

Iron  in  bars 15  00  18  75 

Iron  ware 17  25  22  50 

Timber  in  large  pieces 11  25  15  00 

Butter  and  lard 22  50  30  00 

Condensed  milk 30  00 

Agricultural  machinerv 17  25  22  50 

Wine  in  Ijottles ". 26  25  30  00 

Explosives 33  75 

Cloth 17  25  22  50 

Furniture 22  50  30  00 

Sugar 30  00 

Cotton 15  00  18  75 
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The  figures  are  in  American  dollars,  from  wbicli  we  see  that  the 
lowest  charge  (on  coal)  is  at  the  rate  of  3,1  United  States  cents  per  ton 
per  mile,  while  iron  ware  pays  five  to  six  cents,  and  meat,  sugar,  drugs, 
etc.,  pay  ten  cents.  Local  rates  from  intermediate  stations  are  higher 
still,  the  long  and  short  haul  of  the  Interstate  Commerce  Act  not  being 
applicable  here. 

These  rates  result  from  a  revision  of  20  per  cent,  made  one  year  since, 
and  have  suffered  a  reduction  of  60  per  cent,  within  the  last  five  years. 
An  analysis  of  operating  expenses  and  earnings  shows,  taking  1887  as  a 
fair  average: 

Operating  Expenses  in  1887. 

Maintenance  of  way ^283  563 

Conducting  transportation 271  352 

Motive  power 511  286 

General  exjjenses 200  870 

^1  267  071 

Earnings  in  1887. 

Passenger $671  241 

Freight 2  894  120 

Miscellaneous 52  200 


$3  617  561 


The  high  proportion  of  motive  power  is  due  to  the  expense  of  haul- 
ing trains  up  the  heavy  grades  (4  per  cent.)  and  the  very  high  price  of 
fuel,  coal  costing  no  less  than  $10  25  delivered  on  the  engines,  although 
imported  in  i^art  from  England  free  of  duty.  General  expenses  are  also 
high  in  proportion,  but  they  are  swelled  by  maintenance  of  London  office 
and  expenses  incident  to  exchange,  etc.  Of  freight  carried  during  1887, 
foreign  goods  represented  17.95  per  cent,  and  local  82.05  per  cent.; 
292  235  tons  (1  000  kilos)  were  hauled,  of  which  pulque,  the  national 
beverage,  contributed  81  643  tons,  while  grain  stood  second  in  the  list 
with  34  886  tons  ;  these  two  items  together  furnishing  two-fifths  of  the 
whole  tonnage. 
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The  earnings  of  the  Central  for  the  same  three  years  were — 

1888.  1887.  lH8«i. 

Gross  earnings $4  2Hfi  203  $3  768  973  $3  020  782 

Expenses 2  537  744  2  005  926  1924  710 

Net  earnings $1748  459  $1673  047  $1102  072 

Percentage  of  operating  expenses..  .59.2  per  cent.  55.0  per  cent.  63.0  per  cent. 

EarninRS  per  mile 18KN.  1887.  1886. 

Miles  operated 1310.4  123.5.9  1235.9 

Gro-ss  per  mile $3  250  $3  049  $2  440 

Netpermile 1328  1354  b92 

Proportions 1888.  1887.  18K6. 

Passeujiers 23  per  cent.  25  i)er  cent.  30  per  cent. 

Freight 73.5     "  71        "  65      " 

Miscellaneous 3.5    "  4        "  5      " 


On  the  Central,  National  and  International  Railways,  freight  rates, 
Avliile  not  as  high  as  on  the  Mexican  Railway,  are  high  when  compared 
with  those  received  on  our  own  lines. 

As  a  rule,  local  rates  for  car  load  lots  are  about  seven,  five  and  four 
cents  (United  States)  per  ton  per  mile  for  the  three  classes  of  freight 
under  their  classification.  For  shipments  less  than  car  loads,  the  rates 
are  proi)ortionately  higher.  The  National,  owing  to  its  shorter  line  to 
competing  points,  is  enabled  to  make  a  higher  per  mile  rate  than  either 
the  Central  or  International.  Its  lowest  regular  per  mile  rates  are 
between  the  City  of  Mexico  and  Laredo,  a  distance  of  839  miles,  and  are 
■i.3,  3.3  and  2.8  cents  per  ton  iir,  car  load  lots.  Through  rates  from 
lioints  in  the  United  States  are  made  by  adding  the  American  rate  to  the 
frontier  to  the  Mexican  rate  thence  to  destination.  Local  iJassenger 
rates  charged  average  about  seven,  five  and  three  and  a  half  cents  per 
mile  for  first,  second  and  third  class  respectively. 

The  practice  of  Mexican  roads  seems,  therefore,  to  develop  a  small 
tonnage  at  high  rates,  rather  than  a  large  one  at  low  rates,  which  latter 
method  has  been  proved  to  be  the  successful  one  in  the  United  States, 
and  which  eventually  will  be  the  same  in  Mexico  too;  for  the  earnings 
of  the  Mexican  Railways  are  seen  to  be  on  the  increase,  while  their 
rates  are  decreasing. 

In  this  connection  the  author  quotes  from  a  report  by  the  British  Sec- 
retary of  Legation  to  Mexico,  Sir  Francis  Denys,  from  which  some  other 
informa'ion  contained  in  this  paper  has  been  obtained. 

"In  spite  of  this  reduction,  the  traffic  returns  of  the  Mexican  Railway 
show  an  increase,  which  would  lead  one  to  suppose  that  the  local  and 
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through  traffic  would  have  been  more  quickly  developed  in  the  past,  iff 
the  system  of  high  tariffs,  almost  prohibitive  in  case  of  some  goods,  had 
not  always  prevailed. 

"  Keduction  in  rates  is  needed  for  heavy  goods,  such  as  iron  castings, 
plates,  chains,  beams,  etc.— in  short,  on  all  those  articles  whose  value 
does  not  exceed  £7  per  ton,  or  thereabouts,  and  which  evidently  cannot 
bear  a  freight  charge  of  £6  per  ton  in  addition  to  duties  and  sea  carriage. 

"  Through  and  foreign  traffic  on  this,  as  well  as  on  other  lines  in 
Mexico,  are  granted  faciUties  which  are  not  extended  to  local  traffic,  and 
shippers  of  goods  at  either  end  of  the  railway  can  obtain  a  better  rate 
than  those  sending  goods  from  intermediate  stations.  Couseciuently,  it 
is  often  cheaper  to  send  goods  over  the  roads  l)y  mules  and  donkeys  than 
to  use  the  railroad,  and  this  is  done  to  an  enormous  extent  throughout 
the  country  served  by  the  various  trunk  lines,  it  being  not  an  unusual 
occurrence  to  see  loaded  trains  of  both  animals  following  the  roads  or 
tracks  skirting  the  railroads — traffic  which  is  lost  to  the  railway. 

"Goods  can  also  often  be  carried  past  their  destination  and  back 
again  at  less  cost  than  if  they  were  sent  direct  in  the  first  instance." 

There  are  two  causes  which  seem  t3  retard  the  development  of  Mexi- 
can railways:  First,  the  very  high  railway  rates  ;  Second,  the  lack  of  a 
good  cheap  fuel.  To  any  one  accustomed  to  the  rapidity  with  which 
development  follows  a  railway  in  the  United  States,  the  apparently  small 
efifect  produced  by  a  railway  on  the  tributary  country  in  Mexico  is  very 
striking. 

Even  along  the  line  of  the  Mexican  Railway,  the  oldest  in  the  country,, 
farmers  still  scratch  (literally)  the  ground  with  a  small  wooden  plow, 
while  a  piece  of  timber  drawn  by  oxen  serves  as  a  harrow.  Such  sights 
are  seen  not  only  at  a  distance  from  the  railway,  but  even  from  the  very 
car  windows,  while  on  several  occasions  I  saw  men  reaping  with  sickles. 
The  large  haciendas  or  farms  are  furnished  with  a  circular  tiled  floor 
where  wheat  is  thrashed  by  mules  treading  on  it,  and  sugar  is  still  jjressed 
from  the  cane  by  passing  it  through  wooden  rolls,  although  iron  rolls 
are  now  coming  into  use.  The  people  themselves  are  naturally  unpro- 
gressive,  and  are  possessed  of  little  energy,  no  aml)ition,  and  have  scarcely 
any  desire  and  little  money  to  provide  for  themselves  beyond  their  im- 
mediate and  very  simple  wants  ;  and,  therefore,  require  low  rates  and 
extraordinary  facilities  to  encourage  them  to  change  their  customs, 
habits  and  tastes,  to  which  as  a  nation  they  have  become  firmly  attached 
through  the  course  of  several  centuries. 

The  second  retarding  cause  is  the  lack  of  a  good  and  cheap  fuel.  At 
present  the  railways  burn  wood  whenever  it  can  be  obtained,   but  the 


PARSONS   ON    RAILWAYS   OF   MEXICO.  241 

supply  not  being  great  or  widely  distributed  at  best,  is  yearly  growing 
less.     In  Northern  Mexico  coal  is  imported  from  the  Indian  Territory, 
and  is  known  by  the  same  name  as  is  usually  applied  to  it  through 
Texas  and  the  West,  viz. :  "  Nation  coal."     In  quality  this  coal  is  only 
fair,  carrying  a  heavy  proportion  of  ash,  but  such  as  it  is,  it  costs  at 
Monterey  S^S  50  to  S9  per  ton  at  wholesale.     Coal  has  been  discovered 
and  mines  opened  at  Hondo,  on  the  International,  which  are  the  only 
mines  worked  on  a  commercial  scale  in  Mexico.     An  analysis  of  this  coal 
I  could  not  obtain,  but  in  quality  it  was  said  to  be  not  better  than  ' '  Nation 
coal."     It  sells  at  the  mine  for  $4  49  Mexican  or  about  $3  37  American. 
On  account  of  freight  charges  it  costs  in  the  City  of  Mexico  ^11  50, 
of  which  the  mine  gets  S3  and  the  railway  the  rest.     This  Mexico  rate, 
however,  is  "  special,"  being  at  the  extraordinarily  low  figure  of  -r,s  cent 
per  ton  per  mile. 

Coal  at  intermediate  points  sells  much  higher— thus  at  Queretaro, 
245i  miles  less  haul,  it  costs  $12  30— another  instance  of  Mexican 
rate  making. 

Tlie  following  table  gives  the  price  of  coal  at  several  important 
points,  as  shown  by  the  comjsany's  published  price  list,  and  their 
respective  distances  from  the  mines  : 

Chihuahua $9  52  624  miles. 

Jimenez 7  96  478  " 

Zacatecas 9  24  582  " 

Aguas  Calientes 10  05  657  " 

Sila 11  39  753  " 

Queretaro 12  30  868  " 

Tlalnepautla 13  85       1  031  " 

The  freight  charges  are  substantially  1  cent  per  ton  per  mile.  On  the 
three  Northern  hnes  the  rate  on  coal  is  limited  by  the  concessions  to  1.9 
cents  per  ton  per  mile. 

The  Mexican  Railway  imports  annually  from  England  "  patent "  fuel, 
coal  dust  pressed  into  bricks  and  cemented  with  a  preparation  of  pitch. 
It  is  found  that  on  the  heavy  grades,  when  the  engines  are  being  worked 
with  strong  exhaust,  there  is  less  loss  from  unconsumed  coal  in  small 
pieces  being  drawn  from  the  fire  boxes  through  the  tubes  -with  the 
patent  fuel  than  when  ordinary  soft  coal  is  used. 

In  point  of  physical  conditions  and  details  of  operation  railways  in 
Mexico  differ  widely.  The  Central,  International  and  National  closely  re- 
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semble  in  their  construction  railways  in  our  Western  States.  Rails  are 
light,  45  to  56  pounds,  laid  usually  on  Texas  pine  ties,  although  some 
of  the  local  timber  is  sometimes  used,  like  Mesquite,  which  is  a  very 
durable  wood. 

Track  is  not  ballasted,  except  with  ordinary  soil,  although  during 
the  dry  season  it  is  usually  in  fair  line  and  surface,  at  least  sufficiently 
so  for  the  quality  and  speed  of  the  traffic. 

The  most  noticeable  defect  of  the  permanent  way  is  design  of  the 
bridge  floors,  which  is  invariably  poor,  the  floors  being  composed  of  ties 
of  ordinary  length  (8  feet),  set  rather  far  apart  and  held  at  the  ends  by 
a  light  wooden  guard  rail. 

The  National  Railway  is  now  doing,  however,  considerable  good  work 
in  replacing  wooden  trestles  with  arch  or  box  culverts,  where  the  height 
of  embankment  permits,  and  elsewhere  in  erecting  iron  trusses  on 
masonry.  These  bridges  are  being  built  for  standard  gauge  require- 
ments. 

The  buildings  are  usually  of  wood,  although  the  National  is  begin- 
ning to  use  stone.  The  equipment  is  of  American  manufacture  and 
plan,  except  that  there  are  three  classes  for  passengers.  The  first  class 
resembles  the  ordinary  American  first-class  coach  with  plush  seats  ;  the 
second-class  has  wicker  covered  seats,  while  the  third-class  cars  are 
quite  cheaply  fitted  up,  with  seats  running  longitudinally,  including  a 
bench  down  the  center.  The  majority  of  the  passenger  travel  is  third- 
class,  and  usually  the  first  and  second-class  share  one  coach,  being 
separated  by  a  cross  partition.  The  engines  are,  of  course,  American, 
of  the  consolidation  and  mogul  type.  On  the  International  the  grades 
are  light,  not  exceeding  1  per  cent. ,  while  on  the  National  and  Central 
they  run  as  high  as  3  and  4  per  cent. 

The  personnel  of  these  roads  is  American  as  far  as  engine  men,  con- 
ductors and  station  agents  are  concerned,  but  few  natives  being  em- 
ployed in  these  positions.  Among  the  firemen  and  brakemen  Mexicans 
divide  honors  with  Americans,  while  they  provide  all  the  lower  classes 
of  labor,  such  as  trackmen,  etc. 

Enginemen  are  paid  ^100  to  $140  per  month,  conductors  $85  to  $125, 
and  brakemen  $50  to  $60.  Expenses  of  living  are,  however,  high.  Com- 
mon laborers  receive  fifty  cents  to  $1  per  diem. 

Construction  prices  on  a  piece  of  work  now  in  hand  were  eighty-five 
cents  for  solid  rock,  thirty-three  cents  for  loose  rock,  and  fifteen  cents  for 
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«arth  per  cubic  meter,  road-bed  measureuieut.  Train  service  is  fairly 
regular,  but  this  is  not  a  difficult  result  to  accomplish,  as  scheduled 
speed  is  slow.  On  the  Central,  passenger  trains  require  sixty  hours  to 
run  1  224  miles,  an  average  of  20  miles  per  hour;  on  the  International, 
forty-four  hours  are  consumed  in  the  through  run,  an  average  of  19 
miles,  while  on  the  National  the  average  speed  is  less  than  18  miles. 

But  the  Mexican  Railway  presents  the  most  interesting  subject  for 
study.  As  stated  before,  this  road  carries  the  heaviest  tonnage  of  any 
line  in  Mexico,  and  as  it  uses  4  per  cent,  gradients,  the  permanent  way 
requires  consideral)le  stability,  although,  with  the  exception  of  the  use 
of  metal  ties,  its  condition  in  this  respect  is  hardly  up  to  its  reputation. 
The  track  was  originally  laid  with  bull  head  rails  on  chairs,  but  these 
did  not  prove  successful,  and  are  now  entirely  displaced  by  the  flat- 
footed  rail.     Some  of  the  old  rails  are  still  to  be  seen  in  side  tracks. 

The  present  rails  weigh  62  pounds,  except  that  82-pound  rails  are 
used  on  the  ascent  between  Vera  Cruz  and  Esperanza,  where  7  500  feet 
are  overcome  in  111  miles.  As  to  joints  there  is  no  rule,  fish  plates  and 
four  and  six  bolt  angle  plates  being  used. 

Ballast  is  of  sand  and  gravel,  and  in  places  on  the  heavy  gradient  an 
attempt  at  broken  stone  is  made.  The  most  interesting  thing,  however, 
in  connection  with  the  track,  is  the  use  of  metal  cross-ties.  Wooden 
ties,  expensive  in  first  cost,  were  found  to  last  only  four  to  five  years,  so 
that  metal  ties  were  adopted  for  economy.  The  ties  are  of  mild  steel  and 
weigh  110  pounds  each.  The  rail  is  held  by  clamps  punched  up  from 
the  tie,  and  secured  by  a  key  weighing  1  pound,  so  that  tie  and  two 
keys  weigh  about  112  pounds.  In  section  they  are  channel  shaped,  with 
a  stiffening  ridge  down  the  center.  The  ends  are  splayed  and  turned 
■down,  so  as  to  retain  the  ballast,  while  the  tie  bends  upward  towards 
the  ends,  so  as  to  give  the  rails  a  cant.  Their  cost  varies  with  the 
price  of  steel,  but  is  now  about  five  shillings,  say  $1  25,  F.  O.  B. 
English  ports.  Ballast  is  laid  flush  with  the  top  of  the  tie.  The  results 
of  experience  have  been  most  gratifying. 

Track  remains  in  better  surface  and  line  than  when  wooden 
ties  were  used,  and  certainly  the  track  in  best  condition  to-day 
is  that  portion  where  metal  ties  are  laid.  Practically  it  has  been  found 
that  the  track  thus  laid  requires  so  much  less  work  that  section  gangs 
on  metal  tie  sections  have  been  reduced  about  one-half.     The  Mexican 
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Eailway  is  therefore  laying  these  steel  ties  as  fast  as  possible,  there 
being  enough  on  hand  to  finish  about  150  miles  of  road. 

The  bridges  are  decidedly  Enghsh  in  design,  many  of  the  shorter 
spans  taking  box  girders  and  all  differing  in  every  detail  from  American 
practice.  The  floors  are  the  weakest  portion,  some  of  thie  structures 
having  none  at  all.  The  rail  frequently  rests  on  a  small  wooden 
stringer,  and  even  when  a  regular  floor  is  used  it  consists  of  short  ties, 
with  no  guard  rails,  unless  the  bridge  be  on  a  curve,  when  one  iron  rail 
is  laid  next  and  close  to  the  inside  rail.  But  this  rail  seems  to  be  laid 
more  on  account  of  the  curve  than  of  the  bridge.  Station  buildings 
ani  grounds  are  models  of  neatness  and  durability,  and  offer,  especially 
in  the  latter  characteristic,  some  good  examples  for  American  roads  to 
follow.  The  buildings  are  always  of  stone,  of  good,  serviceable,  though 
not  elaborate  or  decorative  design. 

The  platforms  are  paved  and  are  raised  to  the  level  of  the  car  plat- 
forms. The  station  grounds  are  inclosed  with  a  high  stone  wall,  heavy 
wooden  gates  closing  at  night  the  track  entrances  as  well  as  the  drive- 
ways. The  dining  stations  differ  from  nearly  all  others  in  Mexico,  by 
providing  a  very  fair  meal. 

The  equipment  also  presents  many  features  which  arrest  the  atten- 
tion. The  ordinary  locomotives,  of  the  mogal  typa,  built  at  the  Baldwin 
"Works,  have  no  bells,  so  that  all  signals  are  given,  English  fashion,  with 
the  whistle.  On  the  heavy  gradients  double-ended  Fairlie  engines, 
built  at  Sheffield,  Eng,,  are  substituted  for  the  Baldwins.  The  pas- 
senger equipment  is  of  English  make,  and  is  a  poor  imitation  of  an 
American  coach.  The  cars  are  short,  being  about  45  feet  long.  The 
sides  are  of  corrugated  iron,  and  the  ventilated  clere-story  is  omitted, 
the  roof  being  slightly  curved,  through  which  the  lamps  are  lowered 
from  above,  as  in  Europe.  The  bell-cord  is  accessible  only  on  the 
platform.  The  cars,  however,  are  quite  comfortable,  in  that  seats  are 
set  far  apart,  giving  plenty  of  space.  The  couijling  and  brake  arrange- 
ments are,  on  the  other  hand,  very  defective.  The  old-fashioned  link 
and  pin,  with  plenty  of  slack,  is  in  use  on  all  cars,  as  are  also  hand- 
brakes, an  automatic  brake  not  being  adopted.  In  this  age  of  railway 
improvement  the  safety  of  a  passenger  train  on  4  per  cent,  gradients 
should  not  depend  on  the  faithfulness  and  alertness  of  brakemen.  One 
singular  defect  in  designing  the  coaches  was  in  the  smallness  of  the 
windows,  and  then,  in  making  bad  worse,  by  dividing  the  panes  vertically- 
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and  fastening  the  parts  with  a  broad  wooden  slat.  The  passengers 
should  be  ^iven  every  opportunity  to  observe  the  magnificent  scenery, 
which  rivals,  if  not  exceeds,  that  of  any  other  railway  in  the  world. 
As  is  usual  everywhere  in  Mexico,  smoking  is  permitted  in  all  cars. 
There  is  no  parlor  car  service.  The  freight  equipment,  built  both  in 
England  and  in  the  United  States,  is  on  the  American  plan.  All  wheels 
under  freight,  as  well  as  passenger  cars,  have  steel  tires  and  wrought- 
iron  spokes,  and  all  draw-bars  are  of  the  latter  material.  The  telegraph 
2)oles  are  of  cast-iron,  neitly  designed,  while  the  water  tanks  are  of 
riveted  plate  iron  on  masonry  foundations. 

In  details  of  operation  the  Mexican  Railway  differs  strongly  from 
the  roads  i)reviously  described.  Train  men  and  other  employees  are, 
almost  without  exception,  Mexican,  and  English  is  spoken  but  little 
along  the  line.  The  official  time-card  presents  some  novelties,  especially 
in  that  it  gives  in  parallel  columns  the  arrival  and  departure  of  trains  at 
every  station. 

There  are  twenty-six  stops  between  Mexico  and  Vera  Ciiiz,  and  in  the 
thirteen  hours  required  to  make  the  run  of  263  miles,  two  hours  seven 
minutes  are  sjient  in  such  stops,  of  which  sixteen  are  of  two  minutes 
(the  shortest)  each,  twenty-seven  of  three  minutes,  one  of  four  minutes, 
six  of  five  minutes,  one  of  twenty  minutes  at  Junction  point,  and  one 
of  thirty  minutes,  stojj  for  dinner.  An  American  superintendent  would 
think  that  time  was  unnecessarily  lost  in  stops,  but  time  is  the  last 
thing  to  be  considered  in  Mexico.  One  point  on  all  railways  in  this 
country,  but  especially  on  the  Mexican,  which  strikes  the  American 
traveler  as  amusing,  is  the  strong  military  escort  accompanying  trains. 
Every  passenger  train  on  the  Mexican  Railway  is  guarded  by  a  detach- 
ment of  a  score  or  more  of  soldiers,  who  ride  in  a  special  car,  while  on 
every  station  platform  are  to  be  seen  guards  uniformed  and  armed  with 
a  carbine  and  cumbrous  sabre,  and  in  number  according  to  the  import- 
ance of  the  place. 

The  Interoceanic  Railway,  while  following  American  practice  as  to 
road-bed,  leans  towards  European  equipment  more  even  than  the  Mexi- 
can Railway.  Its  passenger  cars  have  comiiartments,  while  the  locomo- 
tives are  of  the  regular  English  pattern. 

One  great  physical  drawback  which  the  railways  have  imposed  on 
themselves  is  the  difference  in  gauge.  The  National  was  built  3-foot 
gauge  because  its  promoters  were  those  who  had  so  constructed  the 
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Denver  Eio  Grande.  At  the  time  it  was  built  the  St.  Louis,  Arkansas 
and  Texas  and  several  other  roads  through  Illinois,  Indiana,  Ohio  and 
Pennsylvania  were  narrow  gauge,  and  part  of  the  project  was  to  con- 
struct a  great  transcontinental  and  international  narrow  gauge  system. 

But  the  Denver  Eio  Grande  is  being  changed  to  standard,  and  all  the 
other  roads  have  changed,  so  that  the  Mexican  National  now  stands 
alone.  The  Interoceanic  and  some  of  the  smaller  lines  are  narrow  gauge, 
and  the  Mexican  Southern  proposes  to  be  the  same. 

The  day  will  come,  however,  when  these  roads  will  have  to  do  as  the 
others  in  the  United  States  have  done,  and  make  their  gauge  conform 
to  that  of  the  whole  North  American  system. 
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THE  EAILROAD  FERRY  STEAMER  ''SOLANO." 


By  KoBEKT  L.  Hakris,  M.  Am.  Soc.  C.  E. 


During  a  journey  in  1885  to  and  from  my  old  home  in  California;  I 
saw  much  to  interest  me  socially  and  professionally.  Among  the  objects 
of  engineering  development  was  the  Railroad  Ferry  Steamer  "  Solano," 
which  is  supposed  to  be  the  largest  in  the  world  and  which  belongs  to 
the  Central  Pacific  Railway  Comjjany,  and  is  in  use  at  the  Straits  of 
Carquinez. 

Perhaps  this  subject  has  peculiar  interest  to  me,  in  that  memory  re- 
verts to  the  "fifties,"  when  the  great  boat  "Maryland"  ferried  the 
Philadelphia,  Wilmington  and  Baltimore  Railroad  passengers  across  the 
Susquehanna  River  at  Havre  de  Grace.  This  boat  now  runs  on  the 
East  River  in  connection  with  the  New  York  and  New  England  Rail- 
road and  the  Pennsylvania  Railroad.  The  capacity  of  its  two  tracks  is 
fourteen  freight  cars,  which  may  be  borne  in  mind  as  a  familiar  stand- 
ard for  comparison. 

That  ferry  was  where  a  bridge  was  then  considered  too  stupendous  an 
undertaking  to  be  seriously  thought  of,  and  where  early  in  the  next 
decade   George  A.  Parker,  upon  the  completion  of  the  wooden  sijans, 
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placed  this  legend  upon  his  bridge  :  "The  work  of  one  thousand  men 
for  three  years."  (This  next  decade  was,  however,  the  Youthful  Giant 
period  of  the  United  States,  when  grand  work  was  done,  and  for  the  first 
time  in  its  history  our  peojale  became  familiar  with  immense  combina- 
tions of  men,  material  and  money.) 

Memory  has  thus  brought  me  forward  to  the  "sixties,"  when  a 
"grand"  ferry-boat,  the  "Louise,"  with  its  new  contrivance  of  com- 
pound engines  (and  more  levers  than  a  man  could  jump  to),  was  built  to 
run  between  San  Franscisco  and  the  modest  little  "  San  Franscisco  and 
Oakland  Railroad,"  4  miles  in  length,  for  which  I  obtained  the  first 
financial  backing  and  was  engineer,  and  which  we  then  truly  iDrophesied 
would  grow  to  be  the  terminus  of  the  great  Transcontinental  Railway, 
before  such  a  thing  existed  except  in  the  minds  of  enterprising,  daunt- 
less men. 

Still  later,  memory  brings  me  to  the  "seventies,"  when  as  Chief  En- 
gineer of  the  Chicago  and  Canada  Southern  Railway,  a  trial  trip  was 
made  on  the  Detroit  River  with  the  large  railroad  ferry-boat  the 
"Transfer."  with  three  tracks  to  convey  at  once  twenty-one  freight  cars 
between  Amherstburg  in  Her  Majesty's  Dominion  and  Grosse  Isle  in  the 
United  States.  Let  me  say,  in  passing,  that  this  is  Grosse  Isle  (French), 
not  "Goose  He,"  as  its  first  post-marking  stamps  actually  came  from 
the  Washington  General  Post  OflBce  in  1872. 

We  now  reach  the  "  eighties,"  and  on  the  Atlantic  Coast  I  note  that 
the  ferry  across  the  mouth  of  Chesapeake  Bay,  on  the  route  of  the  New 
York,  Philadelphia  and  Norfolk  Railroad,  is  probably  the  longest  regu- 
lar railway  ferry  in  the  world  (21  miles,  time  card  two  hours  from  Cape 
Charles  to  Old  Point  Comfort,  or  36  miles,  three  hours,  to  Norfolk).  Its 
fine  ferry  steamer,  the  "Cape  Charles,"  which  was  completed  a  year 
ago,  attained  at  its  trial  trip  a  mean  rate  of  speed  of  18^  statute  miles 
per  hour  with  steam  pressure  of  55  to  60  pounds.  This  boat  is  arranged 
for  the  transfer  of  four  passenger  cars.  Its  dimensions  are  given  as 
follows  : 

Length  over  all 259  feet  6  inches. 

Length  on  6  feet  water  line 252    " 

Beam,  moulded 36    " 

Beam  over  all 63    "     6    " 

Depth  from  top  of  keel  to  top  of  iron  beams 

at  lowest  jilace 14   " 

Displacement  at  draft  of  7  feet 794  gross  tons. 
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The  paddle  wheels  (feathering)  are  24^  feet  diameter.  Each  wheel 
bas  twelve  floats  which  are  9i  feet  long  and  40  inches  wide.  The  motive 
power  is  one  snrface-condeusing  beam  engine  with  cylinder  54  inches  in 
diameter  and  stroke  of  piston  of  11  feet. 

And  now,  in  the  "eighties,"  I  find  that  the  Pacific  Coast  has  the  larg- 
est, finest,  most  complete  of  all  railroad  ferry  steamers  yet  launched,  the 
"Solano,"  which  so  interested  me  that  I  asked  for  details,  which  were 
•cheerfully  given  by  my  friend,  Mr.  Arthur  Brown,  subscriber  to  the 
building  fund  of  this  Society,  whom  I  formerly  knew  as  in  charge,  dur- 
ing the  construction,  of  all  wooden  structures  built  upon  the  line  of  the 
Central  Pacific  Railway,  many  of  which  required  rapidity  in  construction 
as  well  as  originality  and  boldness  of  design;  the  history  of  which,  if 
written,  would  alone  form  a  grand  chapter  in  the  Civil  Engineering  of  the 
l^ast  fifty  years.  The  descrii^tion  kindly  furnished  by  Mr.  Brown  is  as 
follows  : 

DESCPIPTION   OF   THE    CAR   FERRY   STEAMER    "SOLANO" 

AND  THE  SLIP  AT   PORT  COSTA,  NORTHERN 

RAILWAY,  CALIFORNIA. 


By  Arthur  Brown,  Superintendent  Bridges  and  Buildings  Department, 

Central  Pacific  Railroad. 

West  Oakland,  Cal. 

The  ferry  steamer  "  Solano  "  was  built  for  the  purpose  of  carrying  a 
full  train  of  cars  (\'iz.,  forty-eight  freight  or  twenty-four  passenger  cars 
with  engine)  across  the  Straits  of  Carqiiinez,  on  the  line  of  the  Northern 
Railway,  aleasedhneof  the  Central  Pacific  Railroad.  The  current  in 
these  straits  runs  at  times  8  miles  per  hour.  The  range  of  tide  is 
9  feet.     The  following  are  the  general  features  and  dimensions  : 


Length  on  deck 424  feet. 

"       of  hull  (between  perpendiculars).  406     " 

Height  at  center 18     "      5  inches. 

"        at  ends 15     "    10 

Moulded  beam 64     " 

Width  over  guards 116     " 

Camber  (rever.se  shear) 2     "      6       " 

Light  draught 5     " 

Loaded  draught 6     "      6       " 

Registered  tonnage 3  541  ro- 

Propelled  by  two  vertical  beam  engines,  placed  on  the  center  of  boat, 
8  feet  fore  and  aft  of  midships,  making  the  distance  from  center  to 
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center  of  sliafts  16  feet.     Each  engine  drives  one  wheel,  and  -works  inde- 
pendently of  the  other. 

Engines: 

CyHuders 60-inch  bore. 

Stroke H  feet. 

Wheels: 

Diameter 30     " 

No.  of  buckets 24  each  wheel. 

Width  of  buckets 30  inches. 

Face      "         "       17  feet. 

BoiiiERS  : 

Number  of •  8 

Length 28  feet. 

Diameter  of  shell 7     " 

Number  of  tubes 143 

Diameter"      "     4  inches. 

Length     "     '•     16  feet. 

Heating  surface,  total 19  640  square  feet. 

Grate          "           •'     288       " 

Capacity 2  000  horse-power. 

The  boilers  are  of  steel.  They  are  placed  in  pairs  on  the  guards  fore 
and  aft  of  the  paddle  wheels,  and  are  so  connected  with  the  engines  that 
one  or  all  may  be  used  at  pleasure. 

The  boat  is  stiffened  longitudinally  by  four  wooden  Pratt  trussea 
(vertical  posts  and  diagonal  rods),  one  under  the  center  of  each  track.* 
The  members  of  these  trusses  are  proportioned  to  stand  the  heaviest 
loads  which  can  come  upon  them.  In  calculating  the  strains,  the  differ- 
ence between  the  sum  of  the  weights  at  each  panel,  and  the  displace- 
ment for  the  panel  length  was  assumed  as  the  maximum  force  acting  at- 
that  panel.  For  several  panels  at  the  center  and  ends  of  the  boat  tha 
weights  exceed  the  displacements,  but,  between,  the  reverse  is  the  case. 
A  separate  calculation  for  displacements,  etc.,  was  made  for  each  posi- 
tion of  the  moving  loads. 

Success  in  handling  a  boat  of  such  dimensions  in  an  8-mile  current, 
is  due  principally  to  the  use  of  balanced  rudders  in  connection  with  hy- 
draiilic  steering  ajsparatus,  and  to  independent  engines.  There  are  four 
balanced  rudders  coupled  together  at  each  end  of  the  boat ;  at  the  for- 
ward end  they  are  held  in  position  by  the  pin,  which  is  removed  at. 
the  stern. 

The  axis  of  the  slip  on  each  side  of  the  straits  coincides  nearly  with 
the  direction  of  the  current,  pointing  on  the  Port  Costa  side  up,  and  on 
the  Benicia  side  down  stream,  so  as  to  facilitate  entering  the  slips.  The- 
distance  across  is  one  mile  ;  the  whole  time  consumed  in  transit  is  nine 
minutes,  including  starting  and  stopping. 

The  "  Solano  "  has  been  running  four  years  withoiit  trouble,  and  is- 
handled  with  great  ease.     The  variation  of  tide  rendered  necessary  the  use 

*  Shown  in  cross-section  as  between  each  track  at  midships  ;  better  shown  in  plan. 
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of  a  liinpfed  aiiron,  A  (see  Plates  LIX  and  LXT),  supported  in  part  by  a 
■wholly  submerged  i)outoou,  D,  and  iu  jjarthy  the  counterpoises  G.  The 
apron  is  100  feet  long  by  44i  feet  Avide,  and  carries  four  tracks,  corre- 
sponding with  those  on  the  boat.  Its  av eight  is  about  154  tons.  The 
jjontoou  disjilaces  about  65  tons,  and  the  counterpoises  about  Vl\  tons 
each,  the  remainder  being  carried  by  the  hinge  H.  "When  in  use  the 
apron  rests  upon  the  end  of  the  boat  in  a  recess  into  which  it  fits  with  a 
little  play,  so  that  the  wharf  and  boat  act  as  abutments  for  the  mov- 
ing load. 

The  ai)ron  is  comj^osed  of  five  longitudinal  l)ow-string  combination 
wood  and  iron  trusses,  from  which  are  hung  floor  beams  carrying  the 
track  stringers. 

When  the  boat  has  entered  the  slij^  and  is  in  position  to  receive  or 
discharge  a  train,  the  counterpoises  are  raised  by  hydraulic  power;  leav- 
ing 25  tons  of  the  ajjron  unbalanced,  this  sinks  the  jjontoon,  and  when 
the  end  of  the  apron  reaches  its  place  on  the  boat  it  is  securely  latched 
down;  the  counterpoises  are  then  released  ;  the  apron  and  boat  are  now 
free  to  rise  and  fall  with  the  tide,  and  the  apron  is  ready  to  rise  from  its 
seat  as  soon  as  unlatched  from  the  boat.  The  boat  is  held  up  to  the 
apron  by  means  of  two  mooring  rods,  which  run  the  entire  length  of 
the  apron,  are  hinged  at  R,  and  bolted  back,  as  shown,  to  the  piling. 
The  rods  are  connected  with  the  boat  by  means  of  links  and  tighten- 
ing levers.  The  wire  xo\}Q  g  g  connecting  the  counterpoises  with  the 
apron  on  each  side  is  double  and  continuous;  it  passes  half  around 
equalizing  sheaves,  one  at  the  end  of  the  supporting  beam  of  the  apron, 
and  one  at  the  counterpoise. 

From  the  top  of  the  boxes  containing  the  counterpoises  the  chains  K 
pass  jmrtly  around  the  sheaves  1 1,  and  the  sheave  m  in  the  crosshead  J'of 
the  hydraulic  lift  0,  and  are  secured  at  n.  From  the  bottom  of  the 
counterpoise  the  chain  K'  passes  similarly  around  V  V  and  m',  and  is 
secured  at  n'  (Plate  LXI).  The  lift  is  supplied  from  the  accumtilator  G, 
into  which  fresh  water  is  jjumped  by  hand  from  the  tank  R  by  means  of 
the  pump  /.  It  is  necessaiy  to  have  a  man  at  each  slip,  and  he  has  sufficient 
time  to  attend  to  pumping,  so  that  power  is  obtained  at  no  expense.  The 
distribution  valve  of  the  lift  T,  shown  in  detail  (Plate  LXI),  is  so  arranged 
that  when  the  jjower  is  cut  off  the  ends  of  the  cylinder  are  connected,  so 
that  the  piston  may  he  drawn  either  way  and  the  ai)ron  rise  and  fall 
with  the  tide,  the  water  in  the  cylinder  merely  circulating  around. 
When  the  counterpoise  rises  or  falls  it  pulls  the  piston  of  the  lift  toward 
one  or  the  other  end  of  the  cvlinder  bv  means  of  the  chain  K  or  K'. 
The  stroke  of  the  piston  is  sufficient  to  allow  this  change  of  position 
and  leave  enough  to  handle  the  apron,  take  \\y>  lost  motion,  and  allow 
clearance,  so  that,  whatever  may  be  the  ijosition  of  the  tide,  the  cylinder 
is  always  filled  with  water,  and  the  piston  connected  and  ready  to  act. 
There  is  a  lift  on  each  side,  biit  only  one  accumulator,  one  tank,  and 
one  set  of  pumps. 


'i   oriT  A  XT-ri   " 
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The  journal  of  the  hinge  His,  cylindrical,  the  axis  being  at  the  base 
of  the  raU,  so  that  there  is  no  longitiidinal  motion  of  the  rail. 

The  position  of  the  wharf  relatively  to  the  boat  is  such  that  the 
angle  between  high  and  low  tide  is  divided  by  the  apron.  Besides  this, 
at  extreme  tides,  the  angles  are  filled  with  steel  wedges,  hinged  one  at 
each  end  of  each  rail  on  wharf,  apron  and  boat.  These,  when  not  in  use, 
lie  to  one  side  of  the  rail;  when  it  is  necessary  to  use  them  they  are 
simply  turned  over  on  the  rail.  These  wedges  are  of  such  dimensions 
that  they  divide  the  angle  at  extreme  tides  into  three  other  angles  nearly 
equal,  enabling  trains  to  pass  without  inconvenience. 

Plate  LXII  shows  more  in  detail  the  steering  gear  and  location  of 
engines;  referring  to  the  plan,  £'JE' designate  the  location  of  the  engines, 
and  A%  J.3  the  engine  shafts  already  referred  to;  P  the  hydraulic 
pumps  which  are  arranged  in  pairs ;  diameter  of  water  cylinders,  4  inches; 
steam  cylinders,  12  inches,  each  12  inches  stroke.  The  discharge  from 
each  water  cylinder  is  connected  with  the  accumulator  A,  which  consists 
of  a  tank  30  inches  diameter  by  8  feet  in  length,  closed  on  toi^,  kejot  par- 
tially filled  with  water.  The  air  over  the  water  is  kejit  at  a  constant 
jsressure  by  the  pumps.  In  the  connection  between  the  accumulator 
and  pressiire  pipes  is  jilaced  a  weighted  valve;  this  is  connected  with 
the  engine  throttle,  and  changes  the  set  of  the  throttle  automatically  so 
as  to  prevent  variations  of  pressure  in  the  hydraulic  cylinders.  Pressure 
pipes  lead  from  the  accumulator  tank  to  the  three  way  valv6s  located  in 
the  hold  of  the  boat  under  the  pilot  houses:  these  valves  are  shown  more 
fully  in  detail.  It  Avill  be  thus  seen  that  by  moving  the  valve  the  pres- 
sure may  be  thrown  on  either  hydraulic  piston  as  may  be  desii'ed,  at  the 
same  time  changing  the  exhaust  from  either  cylinder  to  the  tank  T,  to 
which  the  suction  pipes  from  both  pump  cylinders  are  connected. 

The  hydraulic  cylinders  have  each  a  stroke  of  14  feet  and  bore 
of  5j  inches.  There  is  a  pair  of  hydraulic  cylinders  connecting  with 
each  set  of  balanced  rudders,  shown  on  plan,  and  more  fully  shown  in 
detail. 

The  pressure  pipes  connect  with  the  head  of  each  hydraulic  cylinder; 
the  pressui'e  is  thrown  from  one  to  the  other  by  means  of  the  three-way 
valve,  and  the  rudders  are  held  in  position  by  closing  these  valves.  As 
one  i^iston  advances  the  other  recedes. 

The  valves  are  worked,  from  either  pilot  house,  by  valve  rods  leading 
to  valves. 

The  tillers  are  connected  to  steering  wheels  by  means  of  chains 
and  rods  running  over  fair  leaders,  and  to  the  steering  wheels  in  the 
usual  way. 

The  steering  wheels  turn  with  the  motion  of  the  tillers  the  same  as 
though  they  were  used  directly.  The  object  of  this  is  that,  in  case  of 
derangement  of  hydraulic  apparatus,  the  boat  can  be  steered  in  the 
usual  war. 
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A  peculiar  feature  of  the  hydraulic  cylinders  is  that  should  it  become 
necessary  to  steer  by  hand,  the  jjiston  rods,  which  are  a  continuation  of 
rods  connecting  with  the  tillers,  slide  through  the  pistons,  diminishing 
the  i)ower  required  to  tnrii  the  steering  wheels  by  the  amount  of  friction 
necessary  to  move  the  i)iston3  and  also  the  water  through  the  pi2)es,  the 
water  being  allowed  to  inin  from  one  cylinder  to  the  other  through  the 
straight  passage  in  the  valve,  until  the  instons  are  at  the  head  of  the 
cylinder. 

By  referring  to  the  detail  of  balanced  rudders  it  will  be  seen  that 
the  four  rudders  on  either  end  of  the  boat  are  connected  by  coui)ling 
rods;  the  coui)ling  rod  connecting  the  intermediate  rudders  of  the  four 
(it  will  be  seen  from  end  view)  is  bent  upward  so  as  to  run  close  under 
the  fan-tail,  and  has  a  hole  to  receive  a  i^in  which  holds  the  rudders  in 
line  with  the  keel. 

Plate  LXII  shows  the  location  of  the  trusses  in  plan,  and  the  division 
of  the  hold  of  the  boat  into  eleven  water-tight  comjiartments  by  trans- 
verse bulkheads;  these  also  add  lateral  stiffness  to  the  frame. 


In  order  to  appreciate  fully  the  location  where  the  ferry  steamer 
"Solano"  is  used,  it  is  necessary  to  see  it;  next  to  that,  one  should 
have  charts  ;  failing  Avliich,  I  will  say  that  the  summer  traveler  from  the 
East,  heg,ted  and  tired  by  his  six  days'  ride,  is  suddenly  conscious,  w'hen 
50  miles  from  San  Francisco,  of  a  delicious  coolness,  caused  by  the 
trade-wind  from  the  Pacific  Ocean.  At  about  30  miles  from  the  ter- 
minus there  is  a  stop  of  a  minute,  a  start  followed  by  a  jjause  of  about 
five  minutes,  when  he  feels  that  in  some  way  his  motion  has  changed,, 
and,  going  to  the  car  platform,  discovers  that  while  he  is  still  on  the  cars, 
the  entire  train  is  on  a  boat,  which  is  crossing  the  Straits  of  Carquinez. 

The  Straits  of  Carquinez  is  a  narrowing  of  what  is  really  an  arm  of 
the  sea,  which,  after  entering  through  the  narrow  "Golden  Gate" 
(so  first  named  by  Gen.  John  C.  Fremont),  extends  in  the  Bay  of  San 
Francisco  southerly  over  30  miles  (extreme  width  11  miles)  and  northerly 
12  miles  (extreme  width  9  miles).  It  then  extends  through  San  Pablo  Bay 
about  13  miles  (width  12  miles) ;  thence  through  the  Straits  of  Carquinez 
5  miles,  and  terminates  in  Suisun  Bay  with  its  area  of  11  miles  by  5  miles. 

This  (Suisun)  bay  receives  the  drainage  of  the  larger  jjortion  of  the 
great  State  of  California  through  its  main  rivers  the  San  Joaquin  and 
the  Sacramento.  I  may  add  that,  at  a  low  stage  of  water  in  the  river, 
the  tide  is  noticeable  at  Sacramento,  nearly  60  miles  in  a  direct  Hne 
above  the  Straits  of  Carquinez,  or  by  the  river  navigation  125  miles  from 
San  Francisco. 
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The  vddih  of  the  Straits  is  about  1  mile  ;  the  shores  are  bold  ;  sound- 
ings are  over  100  feet ;  the  current  is  dependent  on  the  state  of  the  tide, 
but  is  said  to  be  at  times  8  miles  per  hour,  and  every  summer  afternoon 
a  gale  of  cold  air  rushes  through  this  opening  in  the  coast  ranges  to  dif- 
fuse itself  in  the  heated  interior  of  the  State,  which  makes  life  there 
livable.  My  remembrance  is  that  the  difference  in  temperature  of  a 
summer  day  between  San  Francisco  and  Sacramento  is  from  30  to  50 
degrees. 

Members  on  our  Atlantic  Coast  may  be  interested  in  the  following 
characteristics  of  the  tides  of  San  Francisco  : 

"  There  is  a  large  tide  and  a  small  tide,  and  the  tides  -are  known  as 
high  and  higher  high  (or  big  high  and  little  high),  low  and  lower  low  ; 
the  loAver  low  occurs  after  the  higher  high  tide. 

"  The  mean  rise  and  fall  of  tide  is 3. 6  feet. 

"  "  "     springtide 4.3    " 

"  "  "     neap  tide 2.8    " 

' '  The  average  difference  between  higher  high  and  lower  low  water  of 
the  same  day  is  5.2  feet.  The  greatest  observed  difference  between 
the  two  low  waters  of  one  day  was  5.3  feet,  and  the  greatest  difference 
between  the  higher  high  and  lower  low  water  of  one  day  was  8.5  feet." 
My  recollection  of  what  I  considered  the  difference  in  tide  is  8.3  feet. 

To  return  to  the  ferriage:  the  enjoyment  of  the  breeze  is  enhanced 
by  the  grand  \'iews  of  the  beautiful  bays  and  their  surrounding  hills 
and  mountains  which  lie  in  ranges  parallel  to  the  coast,  among  which 
are  seen  the  peaks  of  Mount  Diablo  near  by  and  30  miles  east  of  San 
Francisco,  and  Mount  Tamalpais,  20  miles  north  of  San  Francisco,  each 
ha\'ing  an  altitude  of  about  3  000  feet,  yet  in  different  ranges  on  opposite 
sides  of  this  noble  fiord. 

The  traveler  hears  but  little  noise  and  feels  but  little  jar,  for  although 
the  engines  are  powerful  the  hull  is  very  strong  and  stiff ;  he  sees  no 
coal  dust  nor  dirt,  for  the  two  or  three  firemen  have  but  to  tend  petro- 
leum and  steam  jets  (a  CaUfornia  friend  who  has  just  arrived  corrects' 
me  ;  he  says  "  one  or  two  firemen  in  handsome'business  suits  and  white 
unsoiled  shirts  tending  taps  ").  This  mode  of  heating  has  proved  so 
successful  on  the  "  Solano  "  that  it  is  being  introduced  on  the  rail- 
road ferry  boats  between  the  terminus  at  Oakland  and  the  City  of  San 
Francisco,  which  ferriage  is  about  4  miles. 

Before  the  traveler  comprehends  the  neatness  or  has  time  to  question 
the  economy  of  the  fuel,  before  he  aj^preciates  the  boat  or  fully  enjoys 
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the  scenery,  lie  fiutls  liiuself  again  rnslied  by  tlie  locomotive  over  the 
steel  rails. 

I  passed  back  and  forth  at  this  ferry  several  times  ;  at  each  time  the 
perfection  of  its  operatipn  challenged  admiration. 

A  passenger  train  of,  say,  ten  cars  comes  to  the  slip.  During  its 
paiise  of  a  minute,  the  train  has  been  uncoupled  in  the  middle  and  a  * 
switcliing  engine  has  been  attached  to  its  rear  ;  the  regular  engine  pro- 
ceeds with  the  forward  half  of  the  train  on  to  the  boat,  the  switching 
engine  jsushes  the  rear  half  on  another  track  of  the  boat,  the  steamer  is 
cast  off  with  the  entire  train  and  both  engines  as  cargo,  and  yet  only 
two  of  the  four  tracks  are  occupied,  for  the  capacity  of  the  "  Solano  "  is 
twenty-four  passenger  cars  or  forty-eight  freight  cars  with  locomotive. 

The  landing  of  the  train  is  as  simple  as  its  embarkation,  and  is  made 
in  the  same  manner.  The  total  detention  of  a  passenger  train  at  both 
sides  of  the  Straits,  by  reason  of  the  ferry,  seldom  amounts  to  fifteen 
minutes ;  the  time  card  shows  for  the  station  of  Benicia  on  the  north  and 
Port  Costa  on  the  south  of  the  Straits,  twenty-five  minutes  total  dififer- 
ence,  including  embarkation,  ferriage,  landing  and  station  stops. 

This  ferriage  forms  a  most  pleasant  interlude  on  the  long  journey, 
equaling  the  stop  at  Multnomah  Falls  on  the  route  of  the  Northern 
Pacific  Eadway  at  about  the  same  distance  froTn  its  Portland  station, 
and  to  a  traveler  is  no  more  of  an  objection  to  the  route.  It  is  a  delay 
of  fifteen  minutes  in  a  journey  of  10  000  minutes,  which,  were  it  neces- 
sary, could  be  shortened  some  3  000  minutes,  and  yet  the  trains  not  be 
xun  on  what  is  called  "  fast  time." 

Neither  a  tunnel  nor  a  bridge  in  this  -vicinity  can  be  seriously  con- 
sidered for  the  present,  while  to  remain  on  the  south  side  of  this  water 
is  to  use  part  of  the  route  first  buUt  by  the  Central  Pacific  people,  the 
"Western  Pacific  Kailroad,"  to  a  junction  at  Sacramento  with  an  in- 
creased distance  of  60  miles,  or  double  the  distance  by  the  short  "Cali- 
■  fornia  Pacific,"  now  the  main  passenger  route,  our  old  opi)osition  road, 
to  which  feature  of  directness  I  recur  with  pleasure  as  once  its  chief 
engineer. 

There  is  no  gainsaying  the  old  axiom,  "A  straight  line  is  the  shortest 
distance  between  two  points,"  especially  if  by  traveling  it  all  grades  are 
avoided. 
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Additional  Infoemation. 

The  following  additional  information  in  regard  to  the  "Solano"  ha» 
been  obtained  by  reason  of  tlie  interest  manifested  at  the  presentation  of 
the  foregoing  jsaper. 

The  idea  of  this  large  ferry-boat  was  suggested  by  Governor  Leland 
Stanford,  President  of  the  Central  Pacific  Eailroad  Company,  and  now 
United  States  Senator  from  CaHfornia. 

The  design  and  construction  of  the  "  Solano  "  were  entrusted  to  Mr. 
Arthur  Brown,  West  Oakland,  Cal.,  Sui^erintendent  of  the  Bridge  and 
BuUdiag  Deijartment  of  the  Railroad  Company,  with  the  only  conditions 
that  she  should  be  large  enough  to  convey  one  of  the  largest  freight 
trains  across  the  Straits  of  Carquinez. 

The  boat  generally,  the  slips,  approaches,  aprons,  machinery,  and  all 
other  accessories,  were  designed  and  built  by  Mr.  Arthur  Brown, 

The  engines  were  designed  and  built  by  the  Harlan  &  Hollingsworth. 
Company,  Wilmington,  Del. 

The  boUers  were  designed  and  built,  and  the  machinery  in  the  boat 
was  erected,  by  Mr.  Andrew  J.  Stevens,  Sacramento,  Cal. ,  the  Master  of 
Machinery  for  the  railroad  comj^any. 

The  boat  is  considered  a  success  in  every  particular.  The  hull  is  of 
wood;  the  longest  timbers  are  the  deck  beams,  which  are  single  sticks 
115  feet  in  length.  There  were  a  great  many  sticks  of  large  size  up 
to  100  feet  long.  The  trusses  under  the  tracks  take  the  place  of  keel- 
sons, so  that  excessively  long  sticks  Avere  not  a  necessity  for  that  duty. 

The  following  data  are  given  in  regard  to  the  comparative  cost  and 
evaporation  of  fuel,  oil  and  coal: 

Coal  used  in  twenty -four  hours 18  tons. 

Fuel  oil  used  in  twenty-four  hours 1  620  gallons. 

Gallons  of  oil  equivalent  to  1  ton  of  coal 90        " 

Indicated  horse-power 1  702 

■    Price  of  coal  per  ton  of  2  000  pounds $5 

Price  of  fuel  oil  in  May,  1886 4  cts.  per  gal.- 

Time  of  raising  steam  with  coal 1  hour. 

"  "  "     oil 40  minutes. 

Weight  of  coal  used  per  cubic  foot 58VV  pounds. 

fueloU        "  "        57-^5^ 


(( 


There  have  been  no  measurements  of  the  actual  evaporation  accom- 
plished with  either  coal  or  oU.  As  the  duty  performed  by  coal  and  oil 
is  the  same,  a  comparative  idea  of  their  efficiency  may  be  obtained  from 
the  foregoing  data.     According  to  the  calculations  of  those  using  the 
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"boat,  the  saving  by  the  use  of  fuel  oil  is  about  18  per  cent.,  principally 
in  labor.     A  diagram  of  the  mode  of  using  oil  has  been  received. 

The  force  employed  to  oj^erate  the  boat  is  as  follows: 
Engineer  Depaktment: 

Tavo  watches,  each  consisting  of — 

1  Chief  engineer. 

2  Assistant  engineers. 

4  Firemen. 
1  Oiler. 

A  total  of  16  men  in  both  watches. 

Operating  Department: 

Two  watches,  each  consisting  of — 
1  Captain. 
1  First  officer. 
1  Second  officer. 

5  Deck  hands. 

A  total  of  10  men  in  both  watches. 
Total  in  both  dei^artmeuts,  32  men. 

The  total  detentions,  including  stoppages  at  both  ends  of  the  trip,  are 
about  ten  minutes. 


NOTE. 
Since  this  paper  was  printed,  I  have  received  the  following  informa- 
tion  from   Mr.    Arthur  Brown,    Superintendent  Bridges   &   Building 
Department,  Southern  Pacific  Company,  in  response  to  recent  inquiry  : 

"  The  use  of  petroleum,  as  a  fuel  for  making  steam  on  our  boats,  was 
discontinued  because  it  jwas  found  that,  as  the  boilers  were  not  con- 
structed for  such  fuel,  its  further  use  might  result  in  injury  to  them. 
It  would  seem  that  for  liquid  fuel,  boilers  should  be  of  special  con- 
struction." 
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The  illustrations  accompanying  the  paper  on  the  Eailroad  Ferry 
Steanier  "Solano  "  are  : 

Plate    LVI.  Ferry  Steamer  "Solano  "  in  dock. 

"     LVII.  Photograph  of  Steamer. 

"   LVIII.  Map  Showing  Straits  of  Carquinez. 

"       LIX.  Cross-section  and  Elevation  of  Boat  and  Apron. 

LX.  Plan  of  Boat. 

"       LXI.  Plate  Showing  Details  of  Construction, 

"     LXII.  Plan  of  Boat  and  Steering  Gear. 

'*    LXm.  Arrangement  for  Burning  Oil  in  Boilers. 
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A  NEW  GRAPHICAL  SOLUTION  OF  THE  PROBLEM, 
WHAT  POSITION  A  TRAIN  OF  CONCENTRATED 
LOADS  MUST  HAVE  IN  ORDER  TO  CAUSE  THE 
GREATEST  STRESS  IN  ANY  GIVEN  PART  OF  A 
BRIDGE  TRUSS  OR  GIRDER. 


Bv  Henry  T.  Eddy,  C.E.,  Ph.D. 


Intboductory. 


1.  The  object  of  this  paper  is  to  introduce  a  new  graphical  method  for 
determining  what  position  a  moving  train  of  wheel  weights  must  have 
in  order  to  produce  the  greatest  stress  in  any  given  part  of  the  bridge 
truss  or  girder  over  which  the  train  is  passing. 

The  method  which  will  be  here  projjosed  depends  i^rincipally  u^ion 
the  construction  and  use  of  a  class  of  polygons  or  curves,  which  we  have 
named  reaction  polygons.  One  of  these  is  the  line  of  shears,  otherwise 
called  the  load  line,  which  has  been  long  used  to  represent  to  the  eye  the 
distribution  of  shears  or  loads  in  the  span  ;  but  its  graphical  possibilities 
seem  to  have  been  little  studied.  One  valuable  proposition  respecting 
the  load  line  has,  however,  been  in  constant  use  here  since  1875,  by  Mr. 
C.  L.  Strobel,  M.  Am.  Soc.  C.  E.,  and  his  successors  in  the  office  of  the 
Cincinnati  Southern  Railway,  who  learned  it  in  1871  as  a  student  of 
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Professor  Molir,  then  at  Stuttgart,  noVv  at  Dresden.  This  paper  will  be 
mostly  devoted  to  the  development  of  numerous  propositions  of  a  char- 
acter similar  to  that  one. 

Reaction  polygons,  as  will  appear,  are  readily  constructed  graphically, 
and  their  j^roperties  are  such  as  to  give  with  ease  the  train  positions  for 
maximum  stresses  as  well  as  to  decide  which  of  several  maxima  is  the 
greatest.  The  proof  of  these  constructions  is  given  in  algebraic  form, 
or,  rather,  the  graphical  constructions  are  merely  representations  of  the 
algebraic  conditions  for  maximum  stresses.  A  number  of  the  propo- 
sitions of  this  algebraic  theory  have  been  long  known  to  the  profession,* 
without  mentioning  the  single  case  of  maximum  bending  moment  before 
mentioned  as  having  been  worked  out  algebraically  and  graj)hically  by 
Professor  Mohr  before  1871. 

The  author  has  enlarged  the  algebraic  theory  by  applying  it  to  many 
cases  not  before  treated,  especially  in  cantilevers  and  double  intersection 
trusses,  but,  as  before  stated,  the  ijrincipal  object  has  been  to  show  how 
the  algebraic  theory  leads  to  convenient  graphical  solutions  of  the  equa- 
tions of  condition  for  maximum  stresses, 

A  general  description  of  this  method  was  given  by  the  author  in  a 
paper  entitled  "A  Contribution  to  the  Theory  of  Maximum  Stresses  in 
Bridges  Under  Concentrated  Loads,"  read  before  the  American  Associa- 
tion for  the  Advancement  of  Science,"  at  the  Buffalo  meeting,  August, 
1886.  A  paper  entitled  "  Reaction  Polygons  and  their  Properties"  was 
also  read  by  him  before  the  same  association  at  their  New  York  meeting, 
August,  1887.     Both  these  j^apers  were  printed  by  abstract  only. 

Part  I  treats  the  simple  girder  and  single  intersection  truss  resting 
upon  end  supports.  It  contains  a  full  exjilanation  of  the  properties  and 
methods  of  construction  of  reaction  polygons  and  the  investigation  of  all 
problems  of  maximum  stresses  in  girders  and  single  intersection  trusses 
by  their  aid. 

Part  II  treats  cantilevers  with  two  supports  and  double  intersection 
trusses  with  end  supports.  It  shows  how  the  same  simple  graphical 
methods  suffice  to  resolve  also  all  important  questions  of  maximum 
stress,  under  concentrated  loads,  for  bridges  of  these  more  complicated 
forms. 

♦William  Cain,  "  Van  Nostrand's  Magazine,"  March,  1885;  Gr.  F.  Swain,  Transactions 
Am.  Soc.  C  E.,  July,  1887;  W.  H.  Burr,  Bridge  and  Roof  Trusses,  3d  Ed.,  1886;  Ward 
Baldwin,  Engineering  News,  September  28tli,  October  12th,  and  December  28th,  1889. 
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PART  I. 

MAXi>ruM  Stresses  in  Simple  Girders  and  Single  Intersection  Trusses 
WITH  End  Supports,  under  Concentrated  Loads.  "         , 

2.  Let  the  stepi^ed  line  ^•^  h^  I-... . .  .J/t  of  Fig.  1  represent  the  rela- 
tive magnitude  and  position  of  a  system  of  wheel-weights,  Wi ....  W^, 
situated  at  invariable  distances  from  each  other.  Call  this  stepped  line 
the  load  line  or  wetgltt  poli/gon. 

Suppose  this  train  of  wheel-weights  to  move  across  a  girder  of  span, 
l  =  AB. 

Lay  off^'i  /i,  ^'2  /«»  ^3  fa>  and  k^  f^,  respectively  equal  to  /,  as  also 
^'i  g\t  ^i-i  ffs,  ha  g-j,  iind  7i4  /74.  Join  each  of  these  points  /  and  g  to  its 
correspondiug  k  and  h  respectively,  as  shown  iu  Fig.  1. 

Now,  if  a  girder  of  span,  I,  and  supported  at  its  ends,  occupy  the 
position  A  B,  then  that  part  of  the  vertical  at  A  which  lies  between 
the  lines  /.,  k-.  and  /«  h-,  represents  so  much  of  W^  as  is  supported  at  A, 
and  that  part  of  the  same  vertical  which  lies  between  /;;  k^  and  f-^  h^ 
rein-esents  so  much  of  TF^  as  is  supported  at  A,  and  similarly  for  IF^. 

The  sum  of  these  quantities  is  the  total  load  resting  upon  A,  and  is 
equal  to  the  reaction  of  the  pier  at  A.  Let  ha  ua  =^  V'  denote  this  re- 
action at  A.  Then  as  the  train  is  moved  across  the  span  from  right  to 
left  (or  what  is  the  same  thing,  as  the  si)an  is  shifted  toward  the  right), 
let  the  reaction  V  be  taken  at  each  point,  and  let  it  be  laid  off  ujiwarda 
from  the  weight  line.  The  upper  extremity  ua  of  V  will  describe  some 
polygon  ici  Xn.  The  broken  line  or  polygon  u  u  described  by  ua  as  the 
sjjan  ^  5  is  thus  shifted,  we  shall  define  as  the  reaction  polygon  of  A 
for  the  span  A  B.  This  polygon,  which  is  the  locus,  or  path  described 
by  Ua  is  readily  constructed  as  follows:  Since  the  only  reaction  when  A 
is  situated  between  the  verticals  at/j  and/.,  is  that  due  to  TFi,  it  is 
evident  that  the  vertical  distance  between /i  ^i  and/i  li-^  is  the  reaction 
at  A;  hence /i  /..,'  is  one  side  of  the  reaction  polygon.  The  reaction  at 
any  point  between  the  verticals  aty2  and/3  is  the  sum  of  that  due  to  the 
weights  Tr,  and  TTg;  hence/2'  and/3'  is  a  side  of  the  reaction  polygon 
when /a'  be  so  placed  in  the  vertical  through  /j  that  the  height  of  /a', 
above/i  Ai,  is  the  sum  of  the  segments  of  this  vertical  included  within 
the  triangles /i  kx  hx  and/2  ^,-2  h-i-  The  polygon  extends  thence  to  u^, 
so  situated  in  the  vertical  at  IF,  that  /«,  Uy  is  equal  to  the  sum  of  the 
segments  of  this  vertical  which  are  included  within  the  triangles /o  k-,  h-z, 
and/a  ks  ha,  etc.,  etc  There  will  in  general  be  an  ::ngle  of  this  poly- 
gon in  each  vertical  in  which  there  is  a  weight  and  in  each  vertical 
at  a  distance  I  to  the  left  of  each  weight.  At  each  such  vertical  it  will 
be'necessary  to  take  the  sum  of  the  segments  of  this  vertical  which  li  e 
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within  all  the  triangles  of  the  type/ A-  h  which  the  vertical  cuts,  a  pro- 
cess of  summation  not  difficult  to  effect  graphically  with  compasses. 

The  reaction  polygon  at  B,  the  other  extremity  of  the  span  A  B,  can 
be  found  from  the  segments  of  verticals  included  within  the  triangles  of 
the  type  g  h  k  by  a  similar  process  of  summation.  It  is,  however,  quite 
unnecessary  to  actually  perform  this  second  summation,  for,  if  we 
denote  the  reaction  at  i?  by  V"  =  hb  vb,  it  is  evident  that  V'-\-V"  is  the 
total  load  upon  the  span  A  B.  Hence  ua  vb  must  be  horizontal,  i.  e.,  vh 
is  situated  on  the  horizontal  through  ua  at  a  distance  l  =  AB  towards  the 
right.  The  reaction  polygon  for  the  point  of  support  B  then  differs 
from  that  for  A  only  in  being  displaced  a  distance  /  to  the  right  of  that 
for  A.  As  they  differ  only  in  horizontal  position,  they  may  be  said  to 
be  parallel.  The  horizontal  line  ua  vb  may  be  called  the  line  of  zei^o 
shear  for  the  sjian  A  B.  The  fitness  of  this  name  is  evident  when  we 
notice  that  the  shear  at  any  assumed  point  of  the  span  ^  i?  is  measured 
by  the  vertical  distance  at  that  point  from  the  line  of  zero  shear  to  the 
stepped  weight  line  li  k.  The  maximum  shear,  positive  or  negative,  at 
any  point  C  of  the  span  A  B,  may  be  readily  found  by  trial  thus  : 

Cut  a  rectangular  card  of  width  A  C,  and  call  its  upper  edge  A'  C\ 
Now,  keeping  A'C  hori  ontal,  slide  A'  along  the  reaction  polygon  u  w.. 
The  upper  edge  A'C  may  be  regarded  as  part  of  a  movable  line  of  zero 
shear.  Find  by  trial  the  position  at  which  C"  is  farthest  above  (or 
below)  the  weight  line.  This  will  give  the  position  of  ^  C  for  the  maxi- 
mum (or  minimum)  shear  at  C.  Such  trial  is  simplified  by  reason  of 
the  fact  that  the  maximum  shear  occurs  just  in  front  of  one  of  the  for- 
ward wheels,  near  the  head  of  the  train,  a  proposition  which  will  be 
established  later  on.  It  is  unnecessary  to  determine  the  minimum 
shear,  as  it  will  be  surjoassed  in  magnitude  by  the  maximum  which 
occurs  near  the  head  of  the  train  in  passing  over  the  span  in  the 
opposite  direction,  which  is  consequently  the  true  minimum.  The 
question  of  maximum  shear  will,  however,  be  considered  in  a  more 
general  manner  and  more  at  length  hereafter. 

The  maximum  value  of  V  as  the  train  passes  over  the  girder  can  be 
readily  determined  by  inspection,  as  it  is  the  greatest  vertical  distance 
from  the  reaction  polygon  u  u  to  the  weight  line  hk;  this  s  also  the 
maximum  shear  at  and  near  the  extremity  A  of  the  span  A  B. 

The  position  of  the  center  of  gravity  of  the  total  load  upon  the  span 
A  B  may  be  readily  constructed,  as  follows  : 

Draw  ha  hb  cutting  ua  vb  the  line  of  no  shear  at  F,  then  this  point  F 
divides  the  span  tia  vb  proportionally  to  the  reactions  V  and  V".     Now 
lay  ofi"  Ua  G  =  Vb  I* ,  then  the  point  G  divides  the  span  inversely  as 
the  reactions  V  and  V",  consequently  the  center  of  gravity  of  the  total 
load  upon  the  span  A  B  is  in  the  vertical  throiigh  G. 
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3.  In  any  single  intersection  truss  the  total  load  carried  l>y  the 
striu}j;(>i-s  to  any  pin  point,  as  well  as  the  shear  in  the  stringers  of  any 
panel,  can  be  found  tor  any  i)Ositiou  of  a  given  train  by  help  of  reaction 
polygons,  as  follows  : 

Let  the  8tei)ped  weight  h  h  of  Fig.  2  represent  the  given  train,  which 
may  be  taken  to  consist  of  a  locomotive  and  tender  followed  by  ii  nni- 
foriu  unlimited  train. 

Suppose  this  train  to  stand  upon  a  single  intersection  truss  of  length 
/  =  A  B,  whose  panels  are  each  of  length  p  =  A  D.  Draw  the  reaction 
polygons  u  u,  v  v,  for  the  span  /,  and  tt'  n',  v'  v',  for  the  span  p.  Now  if 
the  truss  be  taken  in  the  i)Osition  A  B,  the  total  reaction  at  A  due  to  the 
load  upon  the  span  A  B  will  be  J/a  Ua,  and  similarly  the  reaction  at  A 
due  to  the  load  upon  the  panel  A  D  will  be  ha  Ua. 

Likewise,  hb  vb  is  the  reaction  at  B  of  the  total  load  upon  A  B,  and 
hb  Vb'  that  of  the  load  upon  the  panel  EB.  Hence  ua  no!  is  the  shear  in 
the  web  members  of  the  p  inel  A  D.  Again,  ha  va  is  the  reaction  at  the 
pin  i^oint  D  due  to  the  wheels  upon  A  D,  and  ha  "d  is  that  due  to  the 
wheels  uiion  J)  C. 

Hence,  vd'  ud'  is  the  load  transmitted  by  the  stringers  in  the  panels 
A  D  and  D  C  to  the  pin  at  D.  Similar  statements  hold  respecting  the 
loads  supported  at  the  pin  jDoints  C  and  E,  viz.:  Vc  I'c'  is  the  pin  load 
at  C,  and  ««'  ?•«'  that  at  E.  Also  the  shear  in  the  web  members  of  any  panel 
is  the  vertical  distance  between  the  line  of  zero  shear  ua  vb  for  the  span 
A  B  and  the  line  of  zero  shear  for  the  panel  considered,  i.  e  ,  va'  vd'  ia 
the  line  of  zero  shear  in  A  D,  ua'  vc  '  that  in  D  G,  etc.     The  ste]iped  line 

M  '  I'd  '  Ud'  Vc' is  the  line  of  zero  shears  for  the  jmnels.    Furthermore, 

it  will  be  easy  to  find  by  inspection  what  position  during  the  passage  of 
the  train  produces  the  greatest  shear  in  the  end  panel  A  D,  by  observ- 
ing at  what  point  the  vertical  distance  Ua'  ria  between  the  reaction 
polygons  )i  u  and  <('  n'  is  greatest.  What  the  i)osition  must  be  to  pro- 
duce the  greatest  shear  in  any  panel  other  than  the  end  i)auel  will  be 
considered  later.  The  shear  in  the  stringer  of  any  panel  is  the  vertical 
distance  between  the  line  of  zero  shear  for  that  panel  and  the  weight 
line,  e.  g.,  in  D  C,  the  shear  borne  by  the  stringer  is  represented  by 
the  vertical  distance  between  nd'  vc'  and  the  weight  line. 

4.  The  greatest  load  at  a  pin  point  is  evidently  the  greatest  vertical 
distance  between  the  polygons  u'  u'  and  v'  v' .  The  jiosition  where  the 
]»in  point  experiences  its  greatest  load  can  easily  be  found  by  inspection. 
In  Fig.  2  it  is  at  ir., ;  hence,  during  the  passage  of  the  train  across  the 
truss  A  B,  Avhenever  the  wheel  TF3  reaches  either  of  the  i>in  points  D,  C 
or  E.  the  load  at  that  pin  is  then  greater  than  for  any  other  position  of 
the  train.  But,  in  order  to  facilitate  the  investigation  it  will  be  useful 
to  obtain  the  analytical  condition  for  a  maximum  pin  load  as  follows: 
Let  the  distance  from  E  to  any  wheel  weight  be  denoted  by  e  and  its 
dist  ince  from  D  by  (/,  both  these  co-ordinates  being  re 'koned  as  positive 
toward  the  left  from  the  origins  E  and  D. 
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Then  the  total  pm  load  i?  at  C  may  be  written — 


P\E  C         J 


E  = 

P 

in  which  equation  p  is  the  length  of  either  of  the  equal  panels  E  C  and 
D  C,  and  d  is  negative  for  each  of  tl:e  wheels  in  the  j^anel  D  C. 

Now,  let  the  train  move  a  small  distance  S  x  toward  the  left,  which 
movement  will  change  e  io  e  -\-  S  x  and  dio  d-\-  8  x,  and  R  io  R  -\-  S  R. 

Then  we  obtain  in  the  new  position 


1  r^  ^ 

R-^d  R  =  —\    2  W{e+  d  x)  —  :S  W[d  +  8  x) 
P    \_E  G 

Hence,  by  subtraction  and  division — 


] 


2   W-    2    W    )=  ^  {Pe-Pd) (1) 


X 


P\C  G 


■>i 


in  which  equation  Pd  is  the  load  in  the  panel  D  G,  and  Pe  that  in  G  E. 
In  order  that  R  may  reach  a  maximum  value  as  the  train  moves  to  the 
left,  the  quantity  Pe  — Pd  must  change  from  positive  to  negative.  This 
change  can  only  occur  in  one  way,  viz. :  Some  wheel  reaches  G  which  is 
of  such  magnitude  that  in  passing  from  Pe  at  the  right  to  Pd  at  the  left 
of  G,  the  last  member  of  equation  (1)  changes  from  +  to  — .  The 
change  can  occur  in  this  way  only,  for  when  a  wheel  enters  E  G  from 
beyond  E,  the  effect  of  this  is  to  increase  Pe,  and  when  a  wheel  leaves 
D  G  at  D  the  effect  is  to  decrease  Pa.  Either  of  these  occurrences 
might  change  the  last  member  of  equation  (1)  from  —  to  -(-,  but 
not  from  +  to  —  ;  ^^(^  hence,  either  might  cause  the  value  of  R  to  reach 
a  minimum,  but  not  a  maximum  value. 

It  has  therefore  been  shown  that  the  only  verticals  where  a  maximum 
value  of  R  can  lie  found  are  those  in  which  the  wheel  weights  are  found, 
and  this  restriction  will  materially  facilitate  the  inspection  by  which  to 
d  scover  the  position  of  the  train  when  the  value  of  i2  is  a  maximum. 
The  maximum  value  of  R  might  also  be  shown  to  be  at  a  wheel  when 
the  j)anel8  are  of  unequal  length. 

5.  A  system  of  reaction  polygons  consists  of  a  number  of  such  poly- 
gons belonging  to  a  given  train  of  wheel  weights,  in  which  system  its 
several  members  are  constructed  to  give  the  reactions  for  different 
lengths  of  span. 

The  large  diagram.  Fig.  3,  contains  several  members  of  such  a  sys- 
tem due  to  the  train  of  wheel  weights  represented  by  the  weight  line 
there  shown.  The  successive  reaction  polygons  are  constructed  for 
spans  of  5,  10,  15,  20,  25  and  50  feet  respectively. 
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The  assiimi'd  load  consists  of  two  consolidatiou  locomotives  and 
tenders,  preceded  and  followed  by  a  uniform  train.  The  scale  of 
weights  is  given  upon  the  diagram  in  pounds,  and  the  scale  of  distances 
in  feet.  It  will,  however,  be  convenient  to  have  the  scale  of  distances 
subdivided  more  than  in  Fig.  3  ;  it  slioiild  be  divided  to  single  feet  or 
even  less  than  that. 

In  the  solution  of  the  various  problems  which  follow,  we  shall 
presuppose  that  such  a  system  of  reaction  polygons  has  been  con- 
structed. In  practice  it  will  be  necessary  to  draw  them  upon  a  sheet 
permanently  mounted,  and  to  a  scale  sufficiently  large  to  admit  of  con- 
venient comparisons.  For  long  spans  the  diagram  must  include  more 
of  the  uniform  load  than  is  found  in  Fig.  3.  The  successive  polygons 
must  be  constructed  for  spans  which  differ  so  litt'e  in  length  that  it 
shall  be  possible  to  interpolate  for  sjians  of  intermediate  length  with 
aj^proximate  correctness.  It  will  appear,  however,  that  the  successive 
polygons  need  not  be  very  near  together  in  order  to  solve  with  entirQ 
correctness  most  of  the  problems  proposed.  This  arises  from  the  cir- 
cumstance that  most  of  these  problems  have  one  peculiarity  in  common, 
a  peculiarity  which  was  also  exemplified  in  the  problem  just  discussed 
as  to  the  maximum  value  of  the  pin  load  R.  This  becomes  evident 
when  we  notice  that  the  diagram  is  not  employed  to  determine  at 
this  time  the  actual  magnitude  of  the  maximum  value  of  R  ;  its  use 
merely  serves  to  point  out  which  wheel  should  stand  at  the  pin  j^oint 
under  consideration  in  ox'der  that  R  may  reach  a  maximum  at  that  pin. 

The  construction  is  then  employed  in  the  first  instance  in  this  and 
other  problems  in  enabling  us  to  select  with  certainty  which  one  of  the 
wheels  produces  the  maximum.  Although  in  the  problem  of  the  maxi- 
mum load  upon  a  pin  it  is  also  feasible  to  measure  with  considerable 
certainty  the  ma:5nitude  of  the  maximum  value  of  R,  in  many  of  the 
problems  to  be  treateil,  this  will  not  be  ijossible.  Especially  in  i^roblems 
pertaining  to  the  maximum  value  of  the  bending  moments,  it  will  not 
be  possible  to  learn  anything  respecting  the  absohite  value  of  these 
momei.ts  from  the  reaction  jjolygous,  which  will  be  used  merely  to  dis- 
cover the  position  of  the  train  producing  a  maximum.  It  is  evident 
that  no  very  close  approximation  will  be  needed  in  most  cases  to  dis- 
tinguish between  different  wheels  and  to  discover  which  one  fulfills  the 
conditions  demanded  of  a  maximum,  for  the  process  consists  merely  in  a 
selection  of  one  from  several  quantities  which  differ  by  finite  amounts. 
For  example,  it  could  in  general  be  determined  with  certainty  and  ease 
from  Fig.  3  which  of  the  wheels  must  stand  at  a  pin  point  to  make  R  a 
maximum,  not  only  when  the  panel  length  is  either  5,  10,  15,  20  or  25 
feet,  but  also  when  it  has  any  intermediate  value. 

It  will  be  noticed  that  the  reaction  polygons  ajiproach  in  character 
to  regular  curves  as  the  spans  become  longer,  and  that  the  successive 
members  also  become  more  and   more  nearly  parallel  to  each  other. 
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From  this  it  appears  that  the  accuracy  of  interpolat'on  is  greater  for 
long  spans  than  for  short  ones,  provided  the  successive  polygons  are 
those  for  spans  which  increase  siiccessively  by  equal  increments  of 
length.  Now,  the  labor  of  constructing  reaction  polygons  increases  as 
the  span  increases.  It  is  advisable,  then,  in  constructing  a  permanent 
sheet,  similar  to  Fig.  3,  for  practical  use,  to  make  the  polygons  near 
together  for  short  spans  and  further  apart  for  longer  spans. 

It  may  be  noticed  that  the  weight  line  is  itself  is  the  reaction  poly- 
gon for  a  span  whose  length  is  zero,  and  hence  the  discussion  of  the 
properties  of  the  weight  line  constitutes  an  important  part  of  the 
subject  under  consideration.  In  particular,  many  of  the  principal 
problems  respecting  maximum  stresses  in  the  various  members  of  the 
single  intersection  truss  are  solved  by  the  weight  line  alone.  It  is 
further  to  be  noticed  that  this  method  will  find  its  field  of  greatest  use- 
fulness where  a  number  of  girders  or  bridges  are  to  be  computed  for 
the  same  specified  train  of  wheel  weights,  for  then  a  single  sheet,  con- 
taining a  system  of  reaction  polygons  due  to  that  train,  will  suffice  for 
any  number  of  determinations.  The  permanent  sheet  of  reaction  poly- 
gons will  be  much  more  useful  if  drawn  upon  cross  section  or  profile 
paper,  as  the  ruling  will  very  essentially  facilitate  its  use. 

Moreover  it  will  be  quite  unnecessary  to  put  upon  the  permanent 
sheet  more  than  one  of  the  pair  of  like  reaction  polygons  for  each  length 
of  span,  say,  those  at  the  pier  A,  all  of  which  lie  above  the  weight  line. 
If,  for  example,  it  should  then  be  required  to  find  the  greatest  value  of 
R,  it  would  merely  be  necessary  to  use  a  rectangular  card  upon  which 
the  panel  length  A  D,  Fig.  2,  is  laid  off  on  the  lower  edge.  Call  the  lower 
right-hand  corner  of  the  card  vd',  and  lay  off  va'  va'  ^  A  D.  To  use  the 
card,  slide  it  on  the  permanent  sheet  in  such  a  manner  that  while  the  lower 
edge  remains  horizontal  the  point  Ua'  moves  along  the  reaction  polygon, 
due  to  the  span  A  D.  The  point  rid'  will  then  be  found  where  the  right 
edge  cuts  u  u'.  Inspection  will  readily  show  at  which  wheel-weight 
the  right-hand  edge  must  be  placed  in  order  that  the  magnitude  of 
R  =  Vd'  ud'  may  be  greatest. 

6.  The  maximum  shear  at  any  point,  C,  of  a  simple  girder,  whose 
span  IS  ^  5  =  /,  is  known  to  occur  under  one  of  the  wheels  near  the 
head  of  the  train.  To  find  the  greatest  shear  at  any  point,  it  will  only 
be  necessary  to  effect  a  comparison  between  the  shears  under  several 
of  the  wheels  near  the  head  of  the  train.  By  help  of  the  reaction 
polygons  the  shear  under  any  wheel  may,  in  general,  be  readily  com- 
pared with  that  under  any  other  wheel.  To  take  this  more  general 
case  first,  let  the  points,  A  G  B,  oi  the  girder  occupy  initially  same 
position.  A'  C  B',  as  represented  in  Fig.  4,  and  let  them  then  be  shifted 
toward  the  right  to  a  second  position,  A"  C"  B",  so  situated  with 
respect  to  the  train,  which  is  regarded  as  stationary,  that  ^' ^"  =  .t. 
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This  is  equivalent   to  moving  the  train  upon  the  girder  a  distance  x 
toward  the  left. 


Fig.  4- 


Let  S"   denote  shear  at  C",  and  S'  that  at  C",  then: 
S" 


1     B"  C" 


I 


A" 


A" 


1    B'  C 

S'  =-^2  Wb'  —:sw 


I 


A' 


A' 


in  -which  equations    W  denotes   any  wheel-weight  between   the   limits 
indicated,  b"  and  b'  the  distances  from  B"  and  B',  respectively,  to  any 
such  wheel,  taken  as  jjositive  toward  the  left. 
By  subtraction  we  find: 

B"         ,,,         B'  ,,  C"  C 


But,  A"  B"  =  A'  B'  —  A'  A"  +  B'  B" 
and.  A"  C"  =  A'  C  —  A'  A"  +  C  C" 
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Now,  cliange  the  limits  in  accordance  with  these  last  equations. 


r  B'      A"      B' 


b' 


8"—S'  =  \     2—2   4-2      \wJL  ^2    W-~ 
\_A'       A'       B'  J       I  A<         I 

rC        A"      C"  ~1  C" 

—  \   2—  2    +2  W+2  W, 

\_A'       A'       C    J  A' 

as  may  be  readily  seen  by  noticing  the  segments  over  which  the  com- 
pound summations  extend.  Now,  evidently,  b"  —  b'  =  x,  and  if  "we 
place  b"  =  a"  +  I,  then  is  a"  the  distance  from  A"  to  any  wheel,  taken 
as  positive  toward  the  left.  By  the  help  of  these  relations  the  foregoing 
equation  may  be  reduced  to  the  form 

S"  —  S'     _       1/,,         ^\rra'       .     €\r.b"\  X  (2) 


X 


i      \  A'  X  -R'        X     J  X 


A'      ^  B' 


in  which  equation  L'  is  employed  for  brevity  to  denote  the  total  initial 
load,  i.  e.,  the  sum  of  the  wheel  weights  between  A'  and  5',  while  X  de- 
notes the  sum  of  the  wheel  weights  between  C"  and  C" . 

It  will  be  noticed  that,  since  all  the  wheels  between  A'  and  A"  are 
at  the  left  of  A",  the  value  of  a"  for  each  of  these  wheels  is  essentially 
positive. 

The  last  three  terms  of  equation  (2)  take  account  respectively  of  the 
effect  of  any  wheels  which  during  the  motion  pass  oflf  from  the  girder 
A  B  Sii  A,  of  any  which  enter  ux)on  it  at  B,  and  of  any  which  pass  G, 
when  the  initial  and  final  positions  differ  by  any  amount  x. 

If  S'  be  taken  to  be  the  shear  at  C  just  at  the  left  of  any  one  wheel, 
and  S"  that  at  G'  just  at  the  left  of  any  other  wheel,  then  equation  (2) 
will  show  which  wheel  produces  the  greater  shear  at  G. 

In  Fig.  4  the  vertical  height  of  hb  above  ha  is  L' ,  the  load  between 

A'  and  B', 

A'      ^,, 
also  ^  TF"  —  =    the  ordinate  ha  ua, 

A'        ^ 

^:'    b" 

and  ^  W  — =  the  ordinate  hb  ub, 

B'        ^ 

provided  ua  and  ub  are  situated  upon  the  reaction  polygon  for  a  span 
of  length  a;;  for  these  are  the  expressions  for  the  reactions  at  A'  and 
B',  the  left  extremities  of  the  spans  A'  A"  and  B'  B" .     Hence 

1    /-  A"        ^^"         B"       y  \ 

-(  L'-2    W^^  -^2    TF—   ) 

^  V      A-      ^     B'     •'•  y 
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is  the  tangent  of  the  angle  which  the  sloinng  line  ua  uo  makes  with  the 
horizontal  line  A'  B',  and  it  therefore  may  be  taken  as  the  measure  of 
its  inclination  or  slope. 

Again,  JT  is  (he  total  load  Ijetween  C  and  G"  and  A'" -^  a;  is  the 
tangent  of  the  angle  which  k'  k"  makes  with  A'  B'.  If  the  slope  of  the 
line  Ha  ub  is  steeper  than  that  of  k'  k"  then  S"  >■  S' ,  but  if  k'  k"  is  the 
steeper  then  S"  ■<  »S". 

It  is  to  be  noticed  that  any  slight  vertical  errors  in  the  positions  of 
Ua  and  Kb,  such  as  might  arise  in  obtaining  these  points  by  interpolation 
in  the  manner  previously  mentioned,  will  have  little  etlect  in  causing 
error  in  the  slope  of  ua  ub. 

This  comijarison  of  the  relative  slopes  of  ua  ub  and  k' k"  will  not 
recpiire  the  permanent  sheet  containing  the  system  of  reaction  polygons 
to  be  defaced  by  drawing  these  lines  upon  it,  for  by  using  two  rulers  or 
a  ruler  and  stretched  thread  the  comparison  can  be  readily  effected. 

Eipiation  (2)  can  be  still  further  utilized  to  determine  the  segments 
of  the  span  in  which  the  maximum  shear  is  dominated  by  the  succes- 
sive wheels  near  the  head  of  the  train,  in  case  the  train  is  taken  to 
consist  of  one  or  more  locomotives  followed,  but  not  jjreceded  by  a 
uniform  train.  Such  a  disposition  of  load  is  known  to  cause  the 
severest  shear. 

It  is  sufficiently  evident  that  as  the  train  of  wheel  weights  represented 
in  Fig.  5  enters  upon  the  span  at  B,  the  shear  for  same  distance  near  B 
is  greater  under  TFi  than  under  any  wheel  following  it. 

In  order  to  find  the  point  where  the  shear  just  in  front  of  W2  is  first 
equal  to  the  shear  just  in  front  of  Wi,  let  ^S*,  and  Si  denote  the  shears 
just  in  front  of  TFn  and  W^  respectively  ;  then  in  equation  (2)  we  have 
Si  =  Si  and  X=  Wi,  while  a;  is  the  distance  from  W^  to  TFi.  Equa- 
tion (2)  may  then  be  put  in  the  form 

B" 


for  the  term 


L'-^2    W—=W^-    (3) 

B'         ^  ^ 


^"       a" 
2    TFt 

A'  I 


vanishes  be.  ause  no  part  of  the  train  is  supposed  to  have  reached  A" 
by  the  time  /S'2=<S'i.  Prolong  ^•^  kz,  which  has  the  slope  Wi-^x 
until  it  cuts  the  vertical  m  n  at  a  distance  from  k^  such  that  k^  m^l^ 
A  B,  then  is  m  ?i  =TFi  /-f-.c.  Through  n  draw  a  horizontal  line  cutting 
the  reaction  jiolygon  for  the  sjjan  r  at  ub.  Then,  if  A  B  =  I,  the  point 
ki  is  the  point  C  of  the  span  ^1  B  where  .S'2  first  becomes  Ci^ual  to  a?!, 
and  the  maximum  shear  in  the  segment  B  C  is  dominated  by  the  wheel 
TTi,  for  the  train  is  then  in  a  position  upon  A  B,  which  satisfies  equation 
(2).     To  the  left  of  C  is  the  segment  dominated  by  TTj. 
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It  should  be  noticed  that  if  the  slope  line  S'.,  —  S,  is  drawn  upon  the 
permanent  sheet,  then  the  point  B,  and  so  the  segment  Ji  '^'dominated 
by  Wi,  is  readily  found  for  any  sjjan  /  without  drawing  any  other  lines 
upon  the  sheet.  Similarly  it  will  bo  ])ossible  to  find  where  S3,  the  shear 
under  W^,  first  becomes  equal  to  S.,  in  case  this  occurs  before  Wi 
leaves  the  span  ;  and  the  distance  between  the  poiut  so  found  and  the 
point  C,  found  above,  will  be  the  segment  dominated  l^y  W^. 

But  there  are  seldom  more  than  two  or  three  such  segments,  for  the 
shear  is  dominated  in  any  ordinary  case  by  one  of  the  wheels  very  near 
the  head  of  the  train.  The  greatest  sheir  near  .1,  after  one  or  more 
wheels  has  left  the  span,  has  been  previously  discussed. 


It  is  also  to  be  noticed  that  when  icb.  and  so  C,  is  not  very  a'jcurately 
determined,  this  is  a  matter  of  small  consequence,  for  the  shear  under 
ir,  is  very  nearly  eiiual  to  t'.iat  under  TFa  for  all  points  near  C,  when 
thus  determined.  However,  it  will  be  well  to  have  the  reaction  polygon 
upon  the  permanent  sheet  for  a  span  equal  to  the  exact  distance  between 
Tr,  and  IFj. 

7.  The  position  of  the  train  for  the  maximum  shear  in  the  web  mem- 
bers of  any  panel  D  E  oi  a  single  intersection  tru«s  A  B  -with  parallel 
chords  can  be  found  from  the  weight  polygon  alone,  as  may  be  sh')wu 
in  the  following  manner  : 
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In  Fig.  6  let  S  denote  the  shear  in  the  web  members  of  any  panel  D 
E,  tliea  is  /S  the  difference  between  the  shear  at  Cin  th3  span  A  B,  and 
the  shear  at  C  in  the  span  D  E,  as  was  shown  in  connection  with  Fig.  2. 
Hence 

A        ''        A  E       P      E 

in  which  equation  d  is  the  distance  from  D  to  any  wheel  in  the  panel  D 
E  of  length  p,  and  h  is  the  distance  from  B  to  any  wheel  in  the  span  A 
B  of  length  /. 

Now  let  the  tra'n  move  some  small  distance  S  x  toward  the  left,  which 
will  change  *S',  b  and  d  respective 'y  into  S-\-d  S,  b  -{-  d  x  and  d-{-  d  x, 
and  we  then  obtain  by  subtraction  a  result  which  may  be  written  in  the 
form 

£«  =  i_^ (4, 

in  which  equation  L  denotes  the  total  load  upon  A  B,  and  P  that  upon 
I)  E.  In  order  that  S  may  reach  a  maximum  va'ue,  the  last  member  of 
equation  (4)  must  change  from  positive  to  negative,  which  can  only 
ocjur  by  one  of  two  ways  as  the  train  moves  toward  the  left,  viz. :  either 
by  the  entrance  of  a  wheel  upon  D  E  a.i  D,  or  by  the  departure  of  a 
wheel  from  A  B  at  A  ;  for  the  former  increases  P  and  the  latter  de- 
creases L.  S  may  reach  a  maximum  value  from  either  of  tliese  causes 
several  times  during  the  passage  of  a  train,  but  is  more  likely  to  do  so 
Avhen  a  wheel  enters  upon  D  E  at  I)  tlian  when  a  wheel  leaves  AB  at  A, 
because  in  equation  (4)  P  has  only  the  small  denominator  p,  whereas 
L  has  the  denominator  /,  which  is  several  times  larger  than  p.  Hence 
any  change  in  the  value  of  P  exerts  a  more  decisive  influence  upon  the 
sign  of  the  last  member  of  (4)  than  the  same  change  in  L  does. 

Whenever  a  wheel  weight  Wd  arrives  at  B,  as  shown  in  Fig.  6, 
such  that  the  slope  of  the  line  Jie  ka  is  less,  but  the  slope  of  the  line 
he  hd  is  greater  than  the  slope  of  the  line  ha  hb,  it  is  evident  that  the 
last  member  of  equation  (4)  will  be  positive  or  negative,  according  as 

W  is  regarded  as  not  standing  upon  the  panel  D  E,  or  as  standing 
upon  it,    and   the   sign  of  (4)  will  change  from  jDOsitive  to  negative,  as 

Wd  enters  the  panel  B  E. 

Whether  Wd  causes  a  maximum  shear  in  entering  _D  E,  may  be 
discovered  most  easily  by  laying  down  a  parallel  ruler  in  the  position 
ha  hb,  and  then  finding  whether  the  parallel   to  it    through    he    cuts 

Wd  or  not.  If  it  does  cut  Wd.  then  the  last  member  of  (4)  changes 
from  +  to  —  as  Wd  enters  upon  B  E  at  B,  and  ^S  is  at  a  maximum  for 
that  wheel  position. 

The  work  will  be  facilitated  by  marking  the  points  AE B  B  upon 
the  edge  of  a  card  and  sliding  the  card  upon  the  permanent  sheet  to 
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positions  such  that  D  is  successively  made  to  lie  in  the  verticals  of  the 
successive  wheels. 

A  still  more  convenient  method  for  discovering  the  wheel  position 
for  a  maximum  value  of  S  in  the  end  2)anel  has  been  previously  ex- 
plained in  connection  with  Fig.  2. 

Again,  when  any  wheel  weight  (as  Wa  —  ka  ha  say)  loaves  the  span 
A  D  at  .1,  there  will  be  two  slope  lines  ha  lib  and  ka  hb  for  the  span 
A  li.  In  case  one  of  these  has  a  greater  and  the  other  a  less  slojie 
than  that  of  the  2>anel  slojie  line  he  ha.  tlien  S  will  reach  a  maximum 
value  by  the  departure  of  Wa  from  the  span  .1  B  at  .1.  Practically, 
whenever  a  jiarallel  to  Ite  hd  passed  through  hb  cuts  any  wheel  weight 
Wa,  then  Sis  a.  maximum  in  D  ^with  Wa  standing  at  A. 

In  like  manner  it  may  be  shown  that  the  shear  in  D  E  reaches  a 
minimum  value  either  by  the  departure  of  some  wheel  from  D  E  a,i  E, 
or  by  the  entrance  of  some  wheel  upon  ^-l  D  at  B,  and  more  probably  in 
the  former  case  than  in  the  latter. 

That  part  of  the  graphical  process  just  given  which  relates  to  find- 
ing the  greatest  shears  in  simple  trusses  was  worked  out  by  the  author 
in  1885,  and  communicated  to  Ward  Baldwin,  M.  Am.  8oc.  C.  E.,  who 
published  it  in  the  Engineei-ing  News,  September  28th,  1889,  together 
with  some  of  the  other  processes  used  by  him  in  jaractical  work,  he, 
giving  the  author  due  credit  in  Engineering  News,  December  28th,  1889, 
ujiou  learning  that  the  author  had  not  yet  published  the  process. 

Now,  it  is  well  known  that  that  one  of  the  several  maxima  values  of  *S. 
which  may  occur  at  any  point  of  the  span  during  the  i)assage  of  the , 
train  is  in  general  the  greatest  which  is  nearest  the  head  of  the  train. 
It  will  then  be  most  convenient  to  find  those  segments  of  the  span  in 
which  the  maximum  value  of  S  is  dominated  by  the  successive  wheels 
at  the  head  of  the  train,  which  segments  may  be  successively  determined 
as  follows:  First  find  where  the  last  member  of  equation  (4)  vanishes  in 

W 
case  P=  TFi,  i.  e.,  in  case — ^  l=zL;    which   last  equation  serves    to 

P 
determine  the  value  of  L  in  case  P  =  Wx,  and  serves  also  to  determine 
the  position  of  the  train  and  the  length  of  segment  in  which  the  maxi- 
mum value  of  Sis  dominated  by  TFi.  For,  in  Fig.  7,  let  A-,  i=p  be  the 
panel  length;  and  let  i  Z,  =Wi.  Draw  the  line  k^  iy  and  prolong  it  toj^. 
Lay  otf  ki  m=^lthe  length  of  the  span,  then  by  similarity  of  triangles 

we  have  mji  =  TFi  — .    Draw  a  horizontal  line  through  Ji :  it  cuts  W3; 

and  it  is  evident  that  so  long  as  TF,,  or  TF,  and  W-,,  stand  upon  the. 
span,  but  TF3  does  not,  the  last  member  of  equation  (4)  will  be 
negative  or  positive,  according  as  Wi  enters  the  panel  under  con- 
sideratidn  or  not,  i.  e.,  the  maximum  value  of  «S  is  dominated  by 
TFj  in  all  those  panels  of  the  span  of  which  the  right-hand  panel  points 
are  reached  by  Wi,  provided  at  least  one  wheel  but  not  more  than  two 
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wheels  stand  upon  the  span.  It  is  necessary  to  insert  the  proviso  just 
made,  that  at  least  one  wheel  shall  be  upon  the  span,  for  otherwise  L 
would  vanish  and  (4)  could  not  change  sign.  This  proviso  necessarily 
excludes  from  consideration  by  this  method  the  panel  at  the  right 
extremity  of  the  span  iu  which  S  is  invariably  zero  or  negative,  for 
when  Wi  stands  at  its  right-hand  panel  point  L  vanishes.  But  that  is  a 
matter  of  no  consequence,  for  the  greatest  shear  in  the  end  panel  has 
been  otherwise  found  before. 

In  Fig.  7,  as  already  shown,  the  train  can  only  enter  uidou  the  span 
to  a  distance  equal  to  that  between  Wi  and  TFg  before  the  maximum 
value  of  *S' will  be  dominated  by  W2.  Consequently^!  i?i  represents  the 
extreme  jjosition  of  the  span  when  two  wheels  and  no  more  have  entered 
as  far  as  possible  upon  the  span.  Hence  (7  S 1  is  the  segment  dominated 
by  Wi  after  leaving  out  one  panel  length  at  the  end  where,  as  before 
mentioned,  the  shear  is  either  zero  or  negative.  But  G  Bi  is  less  than  a 
panel  length,  consequently  no  panel  of  this  truss  is  actually  dominated 
by  W,. 

Next  let  P  =  TFi  +  ^^2  =  i  ^2.  a^^d  prolong  k^^  i^  to  J 2,  then  by  sim- 
ilarity of  triangles  we  have  mj^  =  (Wi  +  TFo)  — ;  and  as  before,  when 

any  load  not  greater  than  mJ2  has  entered  upon  the  span,  the  maximum 
value  of  S  is  dominated  by  IFo  in  all  that  part  of  C  B2  not  already  shown 
to  be  dominated  by  TFi.  In  Fig.  7  this  includes  all  the  remaining 
panels,  for  they  stand  at  the  left  of  panel  points  dominated  by  W3. 
This,  however,  does  not  prevent  the  possibility  of  a  shear  still  greater 
than  this  in  the  last  panel  at  the  left,  after  one  or  more  wheels  have  left 
the  span,  which  will  be  found  by  the  method  previously  explained  in 
connection  with  Fig.  2. 

None  of  these  constructions  require  lines  to  be  drawn  upon  the  per- 
manent sheet,  as  the  distances  G  Bi,  G  B2,  etc.,  can  be  read  off  on  the 
cross-section  paper  when  a  stretched  thread  has  been  put  successively 
in  the  positions  ki  j^,  ki  j\,  etc. 

8.  The  position  of  a  train  when  it  produces  a  maximum  bending 
moment  at  any  point  C  of  the  span  A  B  may  also  be  readily  found  by 
help  of  the  weight  line  alone,  as  will  now  be  shown. 

It  is  to  be  noticed  that  the  determination  of  the  maximum  bending 
moment  at  any  point  G  of  the  span  A  B  will  suffice  to  determine  not 
only  the  maximum  moment  at  that  point  of  a  simijle  girder  but  also  the 
maximum  stress  in  that  member  of  the  chord  of  a  single  intersection 
truss  which  is  opposite  to  any  pin  point  G  which  carries  the  live  load. 

Suppose  the  live  load  to  consist  of  one  or  more  locomotives  with 
tenders,  followed  by  an  unlimited  uniform  train,  and  preceded  or  not, 
as  the  case  may  be,  by  a  iiniform  train. 

The  expression  for  the  value  of  M,  the  bending  moment  at  G,  may 
be  written  thus  : 
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7?  O 

3I=Jl2  Wb  —  2:  Wc, 
I    A  A 

in  ■wlaich  equation  Ca  is  the  distance  from  C  io  A,  h  is  the  distance  from 
B  to  any  wheel  weight  W  upon  A  B,  and  c  is  the  distance  from  C  to  any 
weight  TFupon  A  C. 

Now  let  the  train  move  an  indefinitely  small  distance  S  x  to  the  left 
and  we  have 

B  G 

M+  S  M=  -^  :S  W(b-[-S  x)—:S  Wic-^d  x), 
i     A  A 

from  which  equation  by  subtracting  the  jirevious  expression  we  obtain 
a  result  which  may  be  written  in  the  form 

tl^=.LS±-Ca (5) 

6x1  ^  ' 

an  equation  in  which  L  denotes  the  total  load  upon  the  span  A  B  =  1, 
and  Ca  that  upon  the  segment  A  C  =  ca. 

In  order  that  a  maximum  value  of  J/ may  oi^ciir,  the  last  member  of 
equation  (5)  must  change  from  positive  to  negative.  Such  a  change 
can  only  occur,  during  the  movement  towards  the  left,  by  the  passage  of 
some  wheel  weight  Wc  from  the  right  to  the  left  of  the  point  C,  which 
will  increase  Ca  by  an  amount  Wc . 

That  the  change  can  occur  in  this  manner  is  sufficiently  evident,  but  that 
it  can  occur  in  this  manner  alone  may  be  seen  by  considering  what  changes 
of  sign  the  last  member  of  equation  (5)  undergoes  when  wheels  either 
enter  upon  the  span  or  depart  from  it.  When  any  wheel  enters  upon  the 
span  at  B,  its  effect  is  to  increase  L;  but  an  increase  of  L  cannot  cause 
(5)  to  become  negative.  Likewise,  when  any  wheel  leaves  the  span  at 
A,  the  eifect  of  its  departure  upon  (5)  is  to  diminish  both  L  and  Ca  by 
the  amount  of  the  wheel  weight  and  thereby  on  the  whole  to  increase 
(5),  for  since  Ca  <;  Hhe  departure  of  the  wheel  has  moi-e  influence  in 

causing  a  numerical  diminution  of  Ca  than  of  L  -f-. 

For  example,  in  Fig.  8,  for  the  given  position  of  the  span  A  B  =  I, 

we  find  the  total  load  L  =  m^^  Tib  and  by  similar  triangles  L  -^  =  iiicjc 

V 

and  Ca  is  either  mc  kc  or  vie  he  according  as  Wc  is  taken  to  stand  just  at 
the  right  or  left  of  C.  Hence  the  last  member  of  (5)  changes  from  +  to 
—  as  Wc  passes  C,  and  Wc  when  it  reaches  C  causes  a  maximum  value 
of  31  at  that  point. 

In  order  to  find  in  jDractice  which  wheel  or  wheels  produce  a  maxi- 
mum moment  at  C,  mark  the  points  AC  B  upon  the  edge  of  a  card,  and 
placing  C  successively  under  the  wheels  upon  the  permanent  sheet, 
stretch  a  thread  from  the  point  ha  to  the  point  hh,  which  ])oints  are 
found  directly  above  A  and  B,  provided  A  C  B  is  horizontal.     If  the 
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Fig.   8 


thread  ka  hi,  crosses  the  -wheel-weight  under  consideration,  then  is  the 
moment  at  C  a  maximum.  If  the  thread  passes  entirely  above  that  part 
of  the  weight-line  iu  the  vertical  at  C  shift  the  span  A  C  B  toward  the 
right  iintil  it  cuts  the  weight  at  C;  if  it  passes  below,  shift  A  (7  JB  to- 
ward the  left  until  the  thread  cuts  the  weight  at  C.  The  method  just 
described  for  finding  the  position  of  the  train  which  produces  a  maxi- 
mum moment,  was  first  proposed  aud  taught,  so  far  as  is  known  to  the 
writer,  in  1871,  by  Professor  Mohr,  then  at  Stuttgart,  now  at  Dresden, 
and  the  useful  device  of  a  thread  in  place  of  lines  is  due  to  Ward 
Baldwin,  C.E.  The  method  has  proved  to  be  so  useful  aud  expeditious 
in  practice,  that  the  present  writer  has  been  iudiiced  to  make  an  endeavor 
to  enlarge  the  circle  of  our  knowledge  as  to  the  possible  apjdi  ations 
of  similar  grajjhical  construc-tions,  and  this  present  paper  is  the  out- 
come of  bis  endeavors. 

It  may  frequently  be  convenient  to  find  the  segment  of  the  span  in 
which  the  maximum  bending  moment  is  dominated  by  a  givt-n  wheel, 
say  Wc. 

This  is  easily  accomplished  by  supposing  C  to  remain  in  the  vertical 
at  Wc,  while  the  span  A  B  is  shitted  in  one  direction  until  ha  hb  i)asses 
through  he  or  kc,  and  then  in  the  other  direction  until  it  again  ]>asses 
through  he  or  kc.  The  part  of  the  span  ^4  B  which  passes  C  iu  shifting 
A  B  from  one  of  these  extreme  positions  to  the  other,  is  the  segment 
dominated  by  We,  and  may  be  denoted  for  convenience  by  the  same 
number  as  the  wheel. 
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These  segments  will  overlap  each  other,  i.  e.,  there  will  often  be  more 
than  one  wheel  which  causes  a  maximum  moment  at  a  given  point. 

Which  of  these  maxima  is  the  greater  can  be  discovered  by  the 
help  of  the  reaction  polygon  as  a  case  of  the  following  more  general 
problem. 

9.  To  determine  which  of  two  given  positions  of  the  train  produces 
the  greater  bending  moment  at  any  given  jjoint  G  of  the  span  A  B. 

Let  the  points  A  C  B  he  taken  at  first  in  the  position  A'  C  B',  as 
shown  in  Fig.  9;  then  the  bending  moment  at  C  may  be  written  with 
the  same  notation,  as  before  in  the  form. 

B'  C 


M' 


'1 


2  Wb'—2  Wc' 


A'  A' 

in  which  equation  Ca  is  the  distance  from  Cto  A,  or  from  C  to^'.  Now 
let  the  train  be  supjDosed  to  move  a  distance  x  to  the  left,  then  will  the 
points  A  C  B  he  shifted  a  distance  x  towards  the  right  upon  the  diagram 
to  the  position  A"  C"  B"  such  that  A"  A' =  B'  B' =  C"  C  =  x. 
The  moment  31"  at  C"  may  be  written: 


Ca 


M"=~  2  Wb"  —  2  Wc" 
I   ^"  A" 

Then  do  the  following  equations  hold  for  each  wheel: 

b" — b'  =  x,  c" — c' =  X. 
Change  the  limits  in  31'  by  help  of  the  identities 
A"  B"=A'  B'—A  A'+B'  B', 
A"  G"=A'  C'—A'  A"-^  C  C",  and  subtract  M'  from  it,  etc. 


31"  —  31'= 


Ca 


B' 

2W  {b'+x)- 
A' 


A" 

-2  Wb 
A' 


B" 

■+:2  w 

B' 


B' 

h"—:E  W  b' 
A' 


C  A"  C"  C 

3  W  (c'+  x)  —  2  Wc'  +  2  TF c"—  2  W c 

A'  A'  C  A' 

Cancel  terms  in  b'  and  c',  and  in  the  summations  between  the  limits 

A'  and  A"  put 

b"=l-{-a",    and     c"=Ca +  ("<", 
in  which  last  two  equations  a"  denotes  the  distance  of  any  wheel  to  the 
left  of  -4 ".     Hence,  a"  is  jsositive  for  all  wheels  between  A'  and  A". 


31'— 3f 


X 


B' 


A" 


B" 


2W—  2  TF-+^  W- 
A'  A-      ^     B'       '' 


Ca 
1 


Or 


3f'—M 


X 


2  w—:2  w--{-2  w- 

A'  A'      ^      C      -^ 

•—Ua    +   Uh' 


i^fr-Ua     +    Ub'^^-Cca'-Ua 


•+Uc    ]....    (6) 
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in  whicli  equation  the  quantity 

^"       a" 

Ua  =:2  W-— 

A>        •'^ 

is  the  reaction  at  the  extremity  A'  of  the  "svheel  weights  upon  the  span 
A'  A"  of  length  cc.  Similarly  Ub'  and  Uc'  are  the  reactions  at  B'  and 
C  respectively  of  the  load  in  the  spans  B'  B"  and  C  C",  each  of 
length  X. 

Hence  if  ua  vc  ub  be  the  reaction  polygon  for  the  span  x,  the  altitude 
of  Ua  above  iib  will  represent  the  magnitude  of  the  first  parenthesis  in 
equation  (6),  and  by  similarity  of  triangles  the  altitude  of  i  above 
«a  will  be  that  part  of  the  second  member  of  (6)  preceding  the  second 
parenthesis. 

It  likewise  appears  that  the  second  parenthesis  is  the  altitude  of 
tic  above  ua.     Hence,  finally,  equation  (6)  may  be  written 

M—M' 

=  Uc  t, 

X 

from  which  we  see  that  when  uc  lies  above  ua  uh  then  31"  <<  M' ,  but 
when  Uc  lies  below  Ua  ub  then  31"  >»  3f'.  This  will  enable  us  to  dis- 
cover Avhich  of  two  maxima  values  of  31  is  the  greater. 

It  will  be  further  necessary  to  investigate  the  position  of  the  train 
which  will  produce  a  maximum  stress  in  the  bars  of  that  chord  which 
carries  the  live  load.     To  this  we  now  jaroceed. 

10.  The  position  of  the  train  for  a  maximum  stress  in  any  chord 
member  D  E  oi  Si  single  intersection  truss  A  B,  when  B  and  £J  are  pin 
points  of  the  chord  which  cariies  the  live  load,  may  be  readily  found 
by  help  of  the  load  line  alone,  thus  : 

In  Fig.  10  let  I)  E  represent  one  panel  of  length  p  of  the  single  inter- 
section truss  A  B,  whose  span  is  I,  and  let  the  pin  point  opposite  B  E  be 
in  the  vertical  at  G.  Denote  the  distance  C  A  hj  ca  and  CE  by  c«. 
Also  let  the  distance  from  B  to  any  wheel  in  A  B  ])e  h  and  from  B  to 
any  wheel  in  D  £"  be  d.  Then  will  the  bending  moment  31,  which  deter- 
mines the  stress  in  the  bar  B  E,  be  the  difference  between  the  total 
bending  moment  at  C,  due  to  the  all  wheel  weights  in  the  span  A  B, 
and  the  bending  moment  at  C,  due  to  the  wheel  Aveights  in  the  panel 
BE,  for  the  bending  moment  due  to  the  latter  is  borne  by  the  stringers. 


3I  =  -^:sWb~2 
'  A  A 


Wc  —     —:EWd  —  :EWc 
L  P  E  E     A 


Let  the  train  move  an  indefinitely  small  distance  8x  toward  the  left 


384  EDDY    ON    CONCENTRATED    LOADS    IN    BRIDGES, 

and  we  obtain  in  the  same  manner  as  before 


(7) 


The  last  member  of  (7)  must  change  from  positive  to  negative  in 
order  that  M  may  reach  a  maximum  value. 

It  is  clear  from  the  discussion  previously  had  resjjecting  equation  (5) 
that  such  change  cannot  occur  by  reason  of  wheels  entering  upon  or 
departing  from  the  span. 

Furthermore,  it  will  be  found  by  considering  equation  (7)  that  no 
finite  change  occurs  when  a  wheel  passes  G. 

Again,  whenever  a  wheel  leaves  the  panel  at  E,  both  of  the  summa- 
tions in  the  parenthesis  of  (7)  will  be  decreased  by  that  wheel  weight, 
but  that  will  have  a  greater  effect  upon  the  last  term  of  the  parenthesis 
than  ujion  the  first  term,  because  ce  <Cp,  and  hence  have  an  effect  upon 
the  whole  to  diminish  the  second  member  of  (7)  and  render  it  negative. 
Hence  a  maximum  stress  in  D  E  may  be  due  to  the  fact  that  some 
wheel  leaves  the  panel  at  E.  Also,  whenever  a  wheel  enters  upon  the 
panel  D  E  at  D,  that  may  change  the  sign  of  the  last  member  of  (7) 
from  i^ositive  to  negative,  for  it  will  have  no  effect  except  to  increase  the 
first  term  of  the  loarenthesis.  Hence  a  maximum  stress  iu  D  ^  may 
exist  when  some  one  of  the  wheels  stands  at  D,  or,  as  has  just  been 
shown,  at  E. 

Now,  in  Fig.  10  let  D  lie  in  the  vertical  of  some  wheel  Wd,  and  let 
ha,  he,  he,  hb  be  the  panels  of  the  weight  line  in  the  verticals  a,t  A,  E,  C, 
B,  respectively,  and  let  the  vertical  at  G  intersect  the  slope  lines  ha  hb, 
hfi  hd  and  he  Tcd  at  i,  j'  and  j  respectively,  then  the  first  two  terms  of  the 
last  member  of  (7),  as  has  been  before  shown,  are  equal  to  h  i,  and  the 
parenthesis  of  (7)  is  equal  to  he  J'  or  to  he  J,  according  asWa  stands  upon 
D  E,  or  does  not  stand  upon  JD  E.  Hence  the  last  member  of  (7) 
changes  from  -|-  to  —  when  Wd  enters  the  panel  at  D  in  case  i  lies  between 
j'  and  J.  And  in  general  when  any  wheel  stands  at  D  or  E  such  that  the 
point  i  at  the  point  of  intersection  of  the  slope  line  ha  hb  for  the  span 
and  the  vertical  at  G  lies  between  the  two  slope  lines  for  the  panel,  then 
is  the  train  in  a  position  to  produce  a  maximum  stress  in  J>  E. 

It  will  be  found  quite  unnecessary  in  practice  to  draw  any  of  the 
span  or  panel  slope  lines  iijoon  the  permanent  sheet. 

11.  There  may  evidently  be  several  positions  of  the  train  which  com- 
mand a  maximum  stress  in  D  ^  in  the  manner  just  shown.  In  order  to 
find  which  one  produces  the  greatest  stress  in  D  E,  we  shall  discuss 
the  more  general  problem,  to  discover  which  of  two  positions,  taken 
arbitrarily,  produces  the  greater  stress  in  D  E. 

Let  the  quantities  J/,  b,c  and  d,  as  used  in  last  discussion,  be  denoted 
by  3r,  b',  c'  and  d'  in  the  left  of  the  two  positions,  and  by  M' ,  etc.,  in 
the  right  position,  and  let  x  be  the  distance  between  the  two  positions, 
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just  iis  before  in  Fig.  9.  Now,  oban}^'iug  limits,  performing  subtraction 
and  reductions  like  those  employed  in  obtaining  ecjuiition  (G),  we  obtain 
from  the  first  ecjuation  of  the  last  article  an  equation  in  which  appear 
not  only  all  the  terms  which  are  found  in  ecjuation  (6)  having  r*  ference 
to  the  points  A  C  B,  but  also  an  equal  number  of  similar  terms  with 
opposite  signs  having  reference  to  the  point  BCD.  The  result  may  be 
written  in  the  form 

^-^^     =   [L--Ua    +   W)~—{Ca—Ua    +   Vc) 


—  [(P—  Ue'  +  Ud')   —  — (CV -  U,'-\-Uc')j (8) 

in  which  equation  P'  is  the  total  load  upon  the  panel  in  the  position 
D'  E',  and  Ce  is  that  upon  C  E',  while  Uc\  Ud,  Ue'  are  the  reactions  at 
the  left  extremities  respectively  of  the  spans  O  C ,  D'  B",  E'E" ,  each 
of  length  X. 

The  first  half  of  the  last  member  of  (8),  referring  to  the  jjoints  A'  C 
B'  is  expressed,  as  has  been  already  shown  by  the  vertical  distance 
uc  i  in  Fig.  9;  while  the  last  half  of  it,  referring  to  the  points  E'  C"  D', 
as  expressed  by  the  vertical  distance  >icj,  provided  ?/«,  ue,  ud.  >'b  is  the 
reaction  polygon  of  the  span  .v.  Hence  it  appears  that  when  j  lies  above 
/,  M'  <  ^^,  but  when  7  lies  below  i,  M'  >  M'.  The  application  of  this 
method  will  enable  us  to  discover  which  of  the  two  positions,  each  of 
which  produces  a  maximum  stress  in  D  E,  produces  the  greater  max- 
imum. 

We  hero  omit,  as  of  comimratively  little  practical  interest,  a  com- 
parison of  the  stresses  in  any  two  bars  of  the  chord  which  carries  the 
live  load  in  a  single  intersection  truss  under  any  assumed  positions  of 
the  load,  such,  for  example,  as  produce  maximum  stresses  in  those  bars. 
Tiie  method  bears  the  same  relation  to  that  developed  from  equation  (8), 
as  that  of  (9)  does  to  (6). 

12.  This  part  of  the  discussion  will  be  concluded  by  the  consideration 
of  a  somewhat  more  general  problem:  to  discover  whether  the  bending 
moment  at  one  point  C  of  the  span  in  one  position  A'  B'  is  greater  or 
less  than  the  bending  moment  at  any  other  i^oint  C"  of  the  span,  when 
the  span  is  shifted  to  any  other  jjosition  A' B" . 

Let  .r,,  Fig  9,  denote  C"'C'  the  distance  along  the  train  between  the 
points  at  which  t'.ie  moments  are  taken,  and  as  before  let  x  denote  the 
distance  ^'^r  = /?'JS'  through  which  the  span  is  shifted;  then  is. 
X — aj]  =  C'C"  the  distance  along  the  girder  between  the  points  where 
tlie  moments  M'"  and  .W  are  taken.  ALso  let  C  A'  =  Ca'  and  C"'A"= 
Ca'".     Then,  as  before,  the  moment  at  C  may  be  written: 

B'  C 


.W  =  ^-^  2    Wb'  —  :2    Wc' 
'■     A'  A- 


and  that  at  C" 
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Cn'"    ^'  ^"' 

M"-  =-^       2     Wb"  —  :E      Wc'". 


I 


A" 


Also 

or 

and 


Ca'  -\-  fl'i  ^  Ca'"  +  .t, 

Ca'"  =  Ca'  —  (■!?  —  -^'i). 

b"  —  b'  =  X  =  a"  —  a',   b"  =  n"  -\-  I, 

c'"  =  ca"'  +  a"  =  c'  +  A-i  —  X  +  a". 


C  +  ,'Ci   =  c"    +  .^1  X, 


31'"  —  M' 


Ca 


B'  A"  B" 

2     Wb"  —  2      Wb-'  -^2  Wb'' 

A'  A-  B' 


B"  ,B' 

x—jv^  :S   Wb"  —  -£^  2    W  {b"—x) 
I         A"  i    A- 


C  A"  C"'  C 

2  wc"'—:2  wc"'+2    wc"'—:sw(c"'—x,) 

A'  A-  C  A' 


Cancel  two  pairs  of  terms,  substitute  values  of  c"',  etc.,  rearrange, 
and  Ave  liave 


M"—M'= 


Ca 


B'  A"  B' 

r2W—2    W  (I  -\-  a")  +  :S    Wb" 
A'  A'  B' 


B" 


A" 


- ^:2    Wb"  +:2  W{ca' +  a" +x^—x) 

I       A'' 

G"'  C 

2   W  (c"  —X  +x,)  —  {x  —  X  4-  x^)  2  W, 


C  A' 

from  which  equation  we  flnallr  obtain  the  result: 

B'  A"  .,       B" 


31"'  —  M' 


X 


Ca 


b" 


2   w—:s    IF—  +3   Tr 

A'  A'  ■'^         B'  •'» 


A" 


C 

2    w  —  2    w!L 

'A  A'         ^ 


+  2      W— 


C  " 

+  s  w  c" 

O'         Ic 


X  X , 


B"  J  „ 

2     W  — 

A"  i 


2  w 

A" 


(9) 


As  previously  explained,  the  fii'st  two  group  terms  in  the  last  mem- 
ber of  (9)  are  together  expressed  by  uc  i  of  Fig.  9  in  case  ua  uc  ub  is 
the  reaction  polygon  for  the  span  Avhose  length  is  :>:.     The  last  jjaren- 


EDDY   ON   COXCENTKATED   LOADS    IN   BKIDGES.  287 

thesis,  iu  0(]uatiou  (9),  is  the  shear  at  C"  iu  the  span  A"  D" ,  in  which 
the  first  summation  is  the  reaction  at  A"  of  the  total  load  upon  A"  B", 
and  is  expressed  by  ha  "  u"  in  case  u"  is  upon  the  reaction  polygon  for 
a  span  of  length  /=  A"  B',  while  the  last  summation  is  the  total  load 
resting  on  ^1"  ('"  =  ha  "  h" ,  hence  the  magnitude  of  the  ([uantity  within 
the  last  parenthesis  is  expressed  by  h'  u".  Now  lay  ott"  A "  o  =  x,  and 
h'  7?i  =  x,,  then  by  similar  triangles  it  appears  that  the  value  of  the 

last   gi'oup   term  in  (9)  is  m  a  = ;— ^  {h"  u").     The  only  term  not 

•'"i 

yet  interpreted  is  the  one  without  the  parenthesis.  It  signifies  the  re- 
action at  C"  of  all  the  wheels  resting  on  the  span  C"  G",  which  are 
situated  between  C"  and  C,  and  its  value  is  the  segment  of  ordinate  at 
C,  included  between    iic    and  Ui   /g',  that  is, 

C"       ,.- 

3         W-  =  q  Uc 

G" 

Hence  equation  (9),  of  which  equation  (6)  is  a  i^articular  case,  may  be 
interpreted  in  a  manner  analogous  to  (G),  thus  : 

M"-—2tr 

=  q  I — m  n 

X 

When  /  falls  below  ([  then  is  7  i  negative  ;  and  w'.  en  .ri  >  :>•  then  will 
VI  be  at  the  left  of  c,  a  will  fall  1  elow  m  a  and  m  n  will  be  negative. 

In  the  case  shown  iu  Fig.  9  it  appears  that  M'"  the  moment  at  C" 
in  the  span  when  situated  at  A"  B"  is  greater  than  M'  at  G'  i.i  A'  B'. 

Tlie  foregoing  demonstration  and  construction  might  at  fix'st  sight 
ajipear  to  be  of  purely  theoretical  interest,  but  it  finds  imi^ortant  api)li- 
cation  in  determining  how  many  wheels  rest  on  a  stringer  when  it  is 
subjected  to  the  greatest  bending  moment  possible  during  the  passage- 
of  the  train.  Fur  txample,  if  a  stringer  be  of  such  length  as  to  take  only 
the  thiee  of  the  heaviest  wheels  at  once,  it  may  nevertheless  suffer  a 
greater  bending  moment  when  only  two  of  them  are  upon  it,  by  reason 
of  their  being  nearer  the  center.  Then  is  ./.-j  the  distance  apart  of  the 
two  wheels  under  which  the  maximum  moments  M'"  and  M'  occur  re- 
spectively. It  will  frequently  occur  that  .''i  =0.  Tl.e  point  C"  in  the 
span  .4''  B''  and  C  in  ^4 '  i>"  w^here  e.ich  given  number  of  wheels  pro- 
duces its  greatest  bending  moment  can  easily  be  found,  as  will  be  seea 
from  the  investigation  which  follows  resi^ecting  limited  sets  of  wheels, 
all  of  which  remain  upon  the  span. 

In  api^lying  the  general  method  of  grai)hically  comparing  any  twa 
bendiijg  moments  with  each  other  to  the  case  just  mentioned  (when  a 
wheel  stands  at  the  point  C"),  it  might  not  at  first  sight  be  clear 
whether  this  wheel  should  be  included  in  the  summation  from  A"  to- 
C"  or  in  tl  at  from  G'"  to  G".     But  an  examination  of  the  question 
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will  show  that  it  makes  no  difference  which  summation  it  is  included  in, 
for  a  variation  of  Xi  such  as  so  cause  C"  to  pass  a  Avheel  weight  and  so 
pass  it  from  A"  C"  to  C"  C"  makes  no  sudden  change  in  the  value  of 
(9)  ;  for  when  awheel  is  at  C"  we  have  for  that  wheel  c"=x  —  Xi.  The 
value  of  (9)  therefore  varies  continuously  with  x  ov  Xy. 

13.  A  few  problems  will  now  be  discussed  which  relate  to  the  bending 
moments  in  a  simp'e  girder  carrying  a  given  limited  set  of  wheels  at 
invariable  distances  from  each  other,  all  of  which  remain  upon  the  girder. 
These  problems  will  serve  especially  to  display  the  advantage  of  using 
the  weight  Hne  and  certain  of  its  modifications,  as  applied  to  the  case  of 
a  limited  set  of  wheels.  The  case  is  necessarily  less  complicated  than 
that  of  an  unlimited  train,  treated  heretofore,  and  hence  it  admits,  in 
some  particulars,  of  a  more  complete  solution  than  does  the  more  gen- 
eral case. 

The  first  of  these  problems  is  to  subdivide  the  span  A  B  into  seg- 
ments I,  II,  III,  etc.,  in  which  the  maximum  bending  moment  is 
dominated  by  the  successive  wheels  Tl'i,  W^,  W^,  respectively,  which 
constitute  the  set. 

Let  the  wheel  weights  TFi  to  TF4  represented  in  Fig.  11  all  remain 
upon  the  span  A  B  ;  and  in  any  position,  assumed  at  will,  draw  the 
slope  line  ha  hh.  Call  the  points  where  it  intersects  hx  Tcnji^  ^3  and 
hs  ki,  i,,  ii  and  i^,  resi3ectively. 

If  the  set  be  moved  to  such  a  position  that  JFi  stands  at  ii  it  is  evi- 
dent that  the  last  member  of  equation  (5)  would  then  vanish  in  case  G 
were'taken  at  ii,  and  in  case  G  were  taken  at  any  point  of  the  span  at 
the  left  of  ii,  the  last  member  of  (5)  would  change  from  i^ositive  to 
negative  as  TFi  moves  from  right  to  left  of  it.  Moreover,  if  W2  and  G 
be  moved  to  u  the  last  member  of  (5)  would  again  vanish,  and  for  any 
point  between  is  and  ii  the  last  member  of  (5)  would  change  from  posi- 
tive to  negative  as  W2  moves  from  right  to  left  of  it.  Hence  in  segment 
I,  extending  from  A  to  the  vertical  at  ij,  the  maximum  moment  is  dom- 
inated TFi.  Similarly  segment  II  extends  from  the  vertical  of  ii_  to 
that  of  i.2,  etc. 

From  similarity  of  triangles  it  is  evident  that  the  lengths  of  the 
segments  I,  II,  III,  IV,  are  proportional  to  the  wheel  weights  TFi,  TFa, 
TFs,  TF4;  and  in  general  the  lengths  of  the  segments  of  the  span  in 
which  the  moments  are  dominated  by  the  successive  wheels  of  the  set  are 
proportional  to  the  weights  of  those  wheels,  provided  only  that  it  is 
physically  possible  for  each  wheel  to  traverse  the  entire  segment  which 
it  dominates  without  thereby  causing  any  other  wheel  of  the  set  to  move 
off  from  the  span. 

If,  for  example,  segment  I  is  shorter  than  the  distance  between  W^ 
and  TFv,  then  IF,  could  not  move  as  far  as  i^  before  TFi  would  leave 
the  span :  but  W^  would  cause  the  maximum  moment  in  all  that  part  of 
segment  II  which  it  can  traverse  while  TFi  is  upon  the  span.     It  would 
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still  be  an  open  question  as  to  tlie  remainder  of  segment  II  whether  the 
greater  moment  would  be  caused  at  any  point  of  it  by  TF,  or  by  Wz 
with  Wi  oif  the  span,  or  jjossibly  by  some  other  wheel  as  it  traverses  it, 
but  it  is  a  question  which  could  be  settled  by  Art.  9.  Similar  state- 
ments hold  respecting  any  other  segment  when  the  entire  segment  can- 
not be  traversed  by  its  dominating  wheel  without  causing  some  other 
wheel  to  leave  the  span. 

14.  To  discover  the  point  of  the  span  where  each  wheel  of  a  given 
set,  all  of  which  remain  upon  the  span,  causes  a  greater  bending: 
moment  than  it  does  at  any  other  point.  The  bending  moment  31  at 
any  point  C,  as  seen  previously,  is  expressed  by  the  equation 

^M=-^  2  Wb—  2  Wc. 
^    A  A 

Let  the  point  C  be  taken  at  that  wheel,  Wc  say,  whose  wheel  jjosition 
of  greatest  moment  we  wish  to  find;  then  is  ca  the  distance  from  Wc  tO' 
A.  Let  the  set  of  wheels  move  an  indefinitely  small  distance  5  x 
toward  the  left,  then 

3I-\-S  M^*^  eg  — d.x)^  ^(S  +  5a;)  — ^  W  c. 
i  A  'A 

Subtract  the  former  of  these  equations  from  the  latter,  and  neglect  the 
small  term  of  the  second  order  containing  d  x'.  The  result  may  be 
put  in  the  form 

4f=4(-'0 (^°> 

in  which  equation  L  denotes  the  sum  total  of  the  wheel  weights  upon 
the  span,  and  bg  is  the  distance  of  G,  their  center  of  gravity,  from  B. 
Hence  J/ reaches  a  maximum  when  ca  =  bg,  which  shows  that  the  jjoint 
where  any  wheel  Wc  produces  its  maximum  moment  is  situated  as  far 
from  A  as  the  center  of  gravity  of  the  load  is  from  B,  or  to  state 
it  more  simply,  the  wheel  Wc  and  the  center  of  gravity  of  the  load 
L  must  be  equidistant  from  the  middle  of  the  span  in  opposite  direc- 
tions. 

These  two  propositions  respecting  the  maximum  bending  moments 
due  to  a  limited  set  of  wheels  are,  it  is  believed,  original  with  Cul- 
mann,  who  published  them  in  his  Graphisclie  Siatik,  First  Edition  (1866), 
pages  137  and  138  ;  Second  Edition  (1875),  page  351,  but  the  method  of 
development  and  presentation  was  unlike  that  which  has  been  here 
employed. 

The  wheel  position  of  maximum  moment  for  the  span  A  B  may  be 
constructed  very  simply  by  help  of  the  weight  line  as  follows:  Let  the 
set  of  wheels  which  remain  upon  the   span  A  B  he  represented  by  the 

weight  line  k-^ h-^,  as  shown  in  Fig.  12,,  and  let  G  be  the   position 

of   their  center  of  gravity. 
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It  has  been  shown  previously  how  to  find  the  position  of  Q  by 
using  a  reaction  polygon  for  any  length  of  span  in  which  these  wheels  and 
no  others  stand.  But  in  case  no  such  reaction  polygon  has  been  already 
constructed,  it  is  to  be  noticed  that  the  construction  for  finding  the 
position  of  the  center  of  gravity  of  these  wheels  will  be  most  simple  if  a 
span  is  assumed  for  that  purpose  of  the  same  length  as  the  wheel  base, 
so  that  one  extremity  is  under  the  first  wheel  and  the  other  under  the 
last  wheel  of  the  set. 

Now,  having  found  the  position  of  the  vertical  at  the  center  of  gravity 
G,  it  would  only  be  necessary,  as  has  been  just  shown,  to  move  the  train 
until  O  is  as  far  from  0  the  middle  of  the  span  as  TFi  is  from  0,  in 
order  that  TFi  should  stand  in  its  position  of  maximum  moment.  It  is 
evident  that  Wi  must  then  stand  at  1,  a  point  such  that  the  distance  01 
is  one-half  of  Gl^.  Similarly,  the  point  2  where  W^  produces  its  maxi- 
mum moment  is  situated  at  a  distance  02  from  0,  equal  to  one-half  of 
G2i,  and  so  on  from  the  other  wheels.  It  will,  however,  be  more  simple 
to  lay  o&  Ai  G  and  B^  G  each  equal  to  A  B.  Then  \i  A^  B^  be  taken 
instead  of  J.  5  to  represent  the  span  (on  twice  the  scale  of  A  B),  the  point 
G  will  be  the  middle  of  the  span  A^Bi,  and  the  wheel  positions  1 1  2i  S^ 
will  then  be  the  points  where  the  wheels  Wi,  Wo,  TFa,  respectively 
produce  their  maximum  moments,  provided  the  wheels  can  reach  those 
points  without  causing  any  wheel  of  the  set  to  leave  the  span. 

15.  To  discover  which  wheel  of  the  set  produces  a  greater  bending 
moment  in  its  position  of  maximum  moment  than  either  other  wheel 
produces  in  its  position  of  maximum  moment. 

Suppose  the  span  to  be  subdivided  into  the  segments  I,  II,  III, 
etc.,  in  which  the  maximum  moment  is  dominated  by  the  wheels  Wi, 
W2,  W3,  etc. ,  respectively.  These  segments  will  be  proportional  to  the 
weights  of  the  respective  wheels,  as  was  shown  in  Art.  13. 

Now,  in  Fig.  12  it  is  seen  that  1  j  the  jioint  where  TTi  produces  its 
greatest  moment  in  the  span  Ai  B^  lies  in  segment  II,  consequently 
Ws  will  cause  a  greater  moment  at  1 1  than  Wi  does  at  that  point ;  but 
W2  produces  a  greater  moment  at  2i  than  it  does  at  li  or  any  other 
point  of  J.1  Bi.  From  this  it  is  evident  that  when  the  point  where  a. 
wheel  produces  its  maximum  moment  lies  in  the  segment  dominated  by 
that  wheel,  as  2i  in  segment  II,  then  is  the  moment  at  that  point  greater 
than  that  ixnder  any  wheel  whose  point  of  maximum  moment  lies  in  the 
same  segment,  as  TFi  at  1 1  in  segment  II. 

It  will  be  quite  unnecessary  in  jjractice  to  actually  subdivide  the 
span  ^1  5i  into  segments  as  has  been  done.  The  wheel's  weight  whose 
points  of  maximum  moment  lie  within  the  segments  dominated  by  those 
wheels  are  the  same  wheel  weights  which  are  intersected  in  the  weight 
line  by  the  slope  line  ha  hb.  If  any  one  of  the  wheel  weights  stands  near 
Gr,  the  center  of  gravity  of  the  set,  the  slope  line  will  usually  intersect 
that  alone,  but  otherwise  it  may  intersect  two  successive  wheel  weights. 
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and  we  have  further  to  discover  in  this  case  which  of  the  wheels  pro- 
duces the  greater  moment  at  its  position  of  maximum  moment. 

In  order  to  discover  which  of  the  successive  wheels  produces  the 
greater  momeutin  tho  span  Ai  B^,  in  cast^  the  weight  line  is  intersected 
by  the  slope  line  for  tho  span  at  both  of  these  wheel  weights  in  their 
position  of  maximum  moment,  let  the  equation  for  the  bending  moment 
JVlast  used  be  written  in  the  form  : 

M  =  ^  L  hg  —  Ca  eg 

in  which  equation  L  denotes  the  sum  total  of  the  wheel  weights  on  ^  J5 
and  Ca  those  on  A  C,  while  bg  is  the  distance  from  B  to  the  center  of 
gravity  of  L,  and  Cg  is  the  distance  from  G  to  the  center  of  gravity  of 
Ca,  both  positive  toward  the  left. 

Now  introduce  the  condition  for  a  maximum  given  by  equation  (10), 
viz. :  Ca  =  hg,  so  that  the  point  G  where  the  moment  ilf  is  taken  shall 
be  as  far  from  A  as  the  center  of  gravity  of  L  is  from  B.  The  last  equa- 
tion then  becomes 

M'  =L^  —Ca  Cg, 

in  which  equation,  if  Ca  be  taken  as  a  cont.'nuous  variable  the  point  G 
will  move  in  the  opposite  direction  from  the  train  and  to  an  equal 
amount.  Let  the  train  move  a  distance  x  toward  the  left  such  that  no 
wheel  passes  G. 

Then  the  moment  in  the  new  position  may  be  written  : 

M"  =  A  (c«  +  :cY  -  Ca  {cg  +  2a;) 

in  which  equation,  since  the  moving  point  G  has  passed  no  one  of  the 
moving  wheels,  the  value  of  Ca  is  unchanged. 
Hence  by  subtraction,  etc. : 

M'  -  Jf  =2   (l  ^  ~  Ca^  X  +  L  -^. 

Now,  let  the  initial  position  of  G  corresponding  to  the  moment  M" 
be  taken  in  the  vertical  at  i  of  Fig,  12,  then  the  last  equation  reduces  to 

M"  —M  =  ^ (11) 

for  at  i  we  have  L  -^ Ca  =  0, 

Take  M"  first  at  the  position  of  maximum  moment  on  one  side  of  i 
and  then  at  that  on  the  other  side  of  /. 

It  is  e\'ident  that  the  last  member  of  (11)  increases  equally  for  equal 
-f-  and  —  values  of  z;  hence  il/"  —  M'  and  consequently  also  M'  is 
greater  at  that  one  of  the  two  maximum  moment  positions  which  is  the 
more  remote  from  (,  provided  no  wheel  leave  the  span  in  order  to 
permit  this  wheel  to  reach  its  position  of  maximum  moment. 

16.  To  find  where  each  wheel  of  a  given  set,  all  of  which  remain  on 
the  span,  causes  its  maximum  bending  moment,  in  case  there  is  a  uni- 


294  EDDY   ON   CONCENTRATED   LOADS   IN   BRIDGES. 

formlv  distributed  load  upon  the  span  in  addition  to  the  set  of  wheel 
weights.  Let  w  be  the  weight  of  the  uniformly  distributed  load  per 
unit  of  length,  and  then  employing  the  same  notation  as  before  we  may 
write  the  expression  for  the  bending  moment  at  C  in  the  form : 

^I^L''^  —  CaCg+hx0Ca{l  —  Ca) 

Now  let  Cmove  with  the  train  an  indefinitely  small  distance  S  Xi  to 
the  left ;  then 

31  -f    5  il/=  -^(Ca  -   d  X)   {hg  -^d  X)  —   Ca  Cg 

+  i  10  {Ca  —  S  x)  [l  —  Ca  +  S  x). 

After  subtracting  and  neglecting  small  terms  we  obtain 

= --  [Ca  —  bg  )  -\-  «'  (ca  —  il), 


d  X  I 

an  equation  analogous  to  (10). 

31  reaches  its  maximum  value  when  this  expression  vanishes.  Equate 
it  to  zero  and  the  result  may  be  written  in  this  form : 

L  bg       L  -[-  IV  I  wl  ,^-. 

—r^ — r~"* — 2~ ^^^^ 

a  result  which  expresses  the  relation  between  ca  and  bg  for  a  maximum 
moment  under  a  wheel  distant  ca  from  A.  We  say  under  a  wheel, 
because  it  is  otherwise  known  that  a  maximum  can  only  occur  under  a 
wheel.  The  positions  of  these  points  of  maximum  moment  for  the  suc- 
cessive wheels  can  be  readily  discovered  as  follows  : 

In  Fig.  13  let  1'  2'  3'  be  the  positions  of  the  wheel  weights  TFj  W^ 
W3  when  their  center  of  gi'avity  is  at  G,  the  middle  of  the  span  A^B^, 
which  last  is  laid  off  on  the  same  scale  as  the  wheel  distances.  Let  ha  0 
=^  pq  =  L  rei^resent  the  sum  total  of  the  wheel  weights,  and  let  om  = 
7ip  =  I  wl  be  one-half  the  total  uniform  load. 

The  equation  of  the  slope  line  ha  q  may  be  written  in  the  form : 

y  ^—bg 

in  case  the  origin  of  the  co-ordinates  bg  and  y'  is  taken  at  q  in  the  verti- 
cal at  B,  and  bg  is  reckoned  as  positive  toAvard  the  left  and  y'  as  positive 
downwards.     Again  the  equation  of  the  line  m  n  may  be  written 

, ,       L  4-  rcl  w  I 

y     =—j~  Ca   --^ 

in  case  the  origin  of  the  co-ordinates  ca  and  y"  is  taken  at  0  in  the 
vertical  at  A 1  and  ca  is  the  distance  from  C  to  the  vertical  at  A 1  and 
y"  is  positive  downwards.  In  order  to  have  a  maximum  moment  at  any 
point  0,  we  know  that  C  must  be  taken  at  a  wheel,  and  furthermore 
equation  (12)  shows  that  ca  and  bg  must  be  so  taken  that 

y' =  y"- 
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To  find  the  point  where  TFi  fulfills  this  last  condition  draw  1'  1" 
parallel  to  ha  q,  and  suppose  the  set  of  wheels  to  have  moved  to  such  a 
positioi  as  to  have  moved  Wj,  from  the  vertical  at  1'  to  that  at  1" ;  then 
has  the  center  of  gravity  of  the  set  also  moved  an  equal  distance  and 
lies  in  the  vertical  at  (tj.  In  case  TFj  is  at  1'  then  is  3/1"  the  ordinate 
at  1'  between  oq  and  mn,  and  j//  is  the  ordinate  at  Gi  betweeen  oq  and 
ha  q-  When  Wi  reaches  1"  then  is  ?/i"  the  ordinate  at  1"  between  oq 
and  w«,  and  1/1'  is  the  ordinate  at  Gi  between  oq  and  ha  q.  Our  con- 
struction evidently  makes  3//  =  3/1"  in  case  Wi  is  at  1",  and  so  by 
equation  (12)  TFi  produces  the  greatest  moment  when  it  stands  at  1". 

Similarly  it  may  be  shown  that  TFj  and  Ws  cause  their  maximum 
moments  in  the  verticals  at  2"  and  3"  respectively,  provided  2'  2"  and 
3'  3"  are  parallel  to  ha  q.  Since  the  slope  line  ha  q  intersects  W^  in  its 
position  of  maximum  moment,  it  is  evident  that  W-,  in  this  position 
satisfies  the  condition  given  in  equation  (5)  for  a  maximum  moment  at 
any  point  of  the  span,  and  consequently  W^  at  2"  will  j^roduce  the 
greatest  moment  in  the  span.  But  in  case  the  sloj^e  line  ha  q  should 
intersect  two  successive  wheel  weights  in  their  positions  of  maximum 
moment,  it  will  be  further  necessary  to  discover  which  wheel  produces 
the  greater  moment  of  the  two. 

17.  To  find  which  wheel  of  a  given  set  causes  a  greater  maximum 
moment  than  any  other,  in  case  there  is  an  additional  uniform  load. 

As  just  shown,  that  wheel  weight  which  is  intersected  by  the  span 
slope  line  in  position  of  maximum  moment  is  the  one  which  produces 
the  greatest  maximum  moment,  provided  tliere  is  but  one  such  wheel. 
In  case  of  several  such  wheels,  we  might  proceed  by  the  general 
method  of  Art.  12,  but  it  is  much  simpler  in  the  usual  case  where 
there  are  only  two  successive  wheel  weights  intersected  by  the  slojae  line, 
to  proceed  as  in  Art.  15,  which  will  now  be  shown  to  be  also  correct  for 
this  kind  of  loading. 

In  the  first  equation  of  moments  in  the  last  article  let  the  train  move 
a  distance  xg  to  the  left,  and  at  the  same  time  let  the  point  C,  at  which 
the  moment  is  taken,  move  to  the  right  a  distance  xc,  such  that  while 
bg  receives  the  increment  xg,  Ca  shall  receive  a  corresijonding  increment, 
determined  by  equation  (12),  thus  : 

y  {bg  +  Xg  )  =— —     [ca  +  .Tc  )  —  — 

From  this  subtract  (12)  and  we  obtain  the  relation  sought, 

L  L-\-iol 

-Xg  =  —^Xc 

Now  let  the  train  move,  as  proposed,  a  distance  xg  and  we  have  for 
the  value  of  31"  the  moment  at  G  after  it  has  moved  a  distance  xc 
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3/  "=  y  [Ca  +  Xc  )    (f'u  +  Xg  )  —  Ca    {Cg  +Xc  +  Xg  ) 
W    I 

+  "2"    (  ^'a  4-  -''c  )    (^— Ca  —  Xc  ). 

Subtract  from  this  the  moment  M'  at  C  before  the  movement,  then 

M"—M'={L  -I-   Ca)   Xg  +  (Zy^-  Ca  ).v:c 
+  -J  Xc  Xg  -f-  —  W  Z  [1—2  Ca  —  Xc  )  Xc, 

in  which  equation  xc  and  xg  have  the  relation  i)reviously  obtained,  while 
Ca  and  bg  have  that  given  in  (12).  Substitute  the  value  of  hg  from  (12) 
and  we  have 

M"-M'={L~  -  Ca  )  [xc  +  Xg  )  +L—p-+  ^  w  xo\ 

Take  the  initial  position  of  C,  at  which  the  moment  is  M' ,  at  the  point, 
between  the  positions  of  maximum  moment  of  the  two  successive  wheela, 
at  which  point 

X    -|^  -  Ca  =  0. 

Then  our  last  equation  becomes,  after  also  introducing  the  value  of 
Xg  in  terms  of  xc  : 

M"-M'  =  ^^±^x^..: (13) 

From  equation  (13)  it  appears  that  M"  —  M' ,  and,  consequently,  M" 
also,  i.s  greater  the  greater  the  numerical  value  of  xc  regardless  of  its 
sign.  Consequently,  of  two  successive  wheel  weights  cut  by  the  slope 
line  while  standing  in  their  respective  positions  of  maximum  moment, 
tliat  one  ijroduoes  the  greater  maximum  moment  whose  position  is 
further  removed  from  i,  the  point  where  the  slope  line  cuts  the  side  of 
the  weight  line  between  tliem. 

18.  The  magnitude  of  the  maximum  moments  under  a  set  of  wheels  all 
of  which  remain  ui^on  the  span,  can  be  exjjressed  with  gi-eat  simplicity 
as  the  difference  between  the  ordinates  of  a  certain  eipiilibrium  polygon 
and  a  parabola,  which  is  also  an  equilibrium  polygon. 

To  show  this,  suppose  the  set  of  wheels  TFi  . . .  ^Vn  . . .  Wr,  whose 
total  number  is  r,  to  remain  upon  the  simn. 

Take  the  bending  moment  under  any  given  wheel  TI',,  and  let  Wi 
denote  any  one  of  the  r  wheel  weights  from  ITi  to  Wr  inclusive. 

Then,  the  expression  for  the  moment  may  be  written 

Ca  i=n-i 

M=-rLbg—    2     Wi  a 
'  t  =1 
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in  whicli  hg  denotes  the  distance  from  B  to  G,  the  center  of  gravity  of  all 
of  the  wheel  weights  L,  and  the  remaining  letters  have  the  significations 
shown  in  Fig.  14,  all  distances  being  taken  positive  toward  the  left. 
It  will  be  seen  that  we  have, 

Ci  =  gi  —  gn,       Ca  =  I  —  bn,      bg  =  bi  —  gi  =  bn  —  gn 

By  the  help  of  these  identities  the  bending  moment  may  be  expressed 
thus : 

L  n~i 

M^-y  [I  —  bn)  {bn  —  gn)—    2   Wi  (  gi  —  gn  ) 
''  1 


or 


3/=  ~  bn  [l—bn)  —  -^gn  {I  —  bn)  —' 2  ^  Wi  [gi  — gn) .  .  .  •  (14) 


If  we  put 


]\h=^bn{l  —  bn) (15) 


Ml  =  ~gn  [I  —  bn)  +^  :S^  Wi  [gi  —  gn) (16) 

'  1 

then 

M=  3h  —  Mx (17) 

It  is  evident  that  ]\h  is  the  ordinate  of  the  moment  polygon 
(parabola),  due  to  a  single  concentrated  load  L  as  it  moves  across  the 
girder,  or  what  is  the  same  thing,  it  is  the  moment  due  to  a  total 
uniformly  distributed  load  2  L.  Hence  Mi  is  easily  computed  or 
constructed  graphically. 

We  proceed  to  show  how  Mi  may  also  be  constructed  graphically, 
with  the  greatest  ease  (though  the  jiroof  is  a  trifle  tedious),  for  it  will 
be  shown  that  J/i  is  the  bending  due  to  the  concentrated  loads: 

-J-  d\   ...   —J-  dn  .  ..    —T-dr-1, 

acting  at  fixed  points  which  divide  the  span  into  segments  having  the 
successive  lengths: 

-r  "'. ^"^- 4-  '^-. 

in  which  d^  is  the  distance  from  W^  to  Wo,  dn  that  from  Wn  to  Wn  + 1, 
etc. 

It  will  be  noticed  that  these  concentrated  loads  are  proportional  to 
the  successive  wheel  distances,  and  their  sum  is 

6  1  { 
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in  which  V  is  the  total  wheel  base,  and,  further,  that  the  segments  of  the 
span  I  are  proportional  to  the  successive  wheel  weights.  Now,  taking 
the  moments  about  B  of  these  proposed  weights  at  their  proposed 
positions,  and  calling  Fj  the  reaction  at  ^,  we  have 


Fi  Z  =  (/j  :2  Wi-\- 

2 


+  dn-1  2   TFi+  .  .  .  +  dr-lW. 


n 


This  quantity  can  be  expressed  more  simply ;  for,  take  the  moments 
of  all  the  actual  wheel  weights  Wo,  etc.,  about  IF,,  and  we  have  the 
identity 

n — 1  r — 1 

Lg^=W^  d,+  TFg  [d^+d^)+  .  .  .  +Wn  2    d,  +  .  ..-{-Wr  ^   du 

By  rearranging  the  terms  of  this  equation  we  find  it  the  same  as  the 
moment  about  B,  previously  obtained, 

.  •  .  Fi  l  =  Lgi. 

Let  3fn  denote  the  bending  moment  due  to  the  proposed  concentrated 
weights  at  a  point  of  the  span  distant  bn  from  B  between  the  weight 

L  L 

—j-  dn—i  and  -r-  dn.     We  then  find 


Mn  =  V,  {l—hn)  — 


+  dd    I 


(■ 


4-    i   m  —  bn 

L     1 


d/  i—-j-    Wi—bn     j 

J+   .  .  .   +  dn~l  f  l—J^    :2  Vi  —bn  J 


Substituting^in  this  equation  the  value  just  found  for   Fi  =  -y-  gi  and 
rearranging  the  terms 

L 


Mn^ 


t\^^ 


+  d^  TFi  +  da  i  Wi  -f-  . 


dn-\  )  (   /  — 


bn) 


n — 1 

+  dn-\     ^     Wi. 
1 


n — 1 

Now  d,  TFi+  d.  :SWi  -i-.  .  .  dn-i  2  Wi 
*  1 


n — 1  n — 1 

=  TFi     2    f/i+TFa      2    fZf  +  .  .  .  -I-  Wn-ldn-l, 


3rn^-, 


r,     /"        n — 1      \/'  \  n — 1  n — i 

Y  {  r/j—  ^  di     V  J-bn    J+TFi     ^   f/'  +  TFi     ^  di  + 


-f  Wn—\  dn—1 
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But  (In  -  1  —  gn  -  I  —  gn. 

n-1 

^  (fi  =  g-2  —  gn 

n-  1 

■^^  </i  =  gx  —  gn. 
By  help  of  these  equations  we  have — 

Mn  =  ~  gn  {I  —  hn)  +   TT'i  {  g ,  —  r,n)  -^    W^  {ff-2—9n)-\- 
....-}-   Wn  -  1  {  gn  -I  —  gn) 

or, 

Mn  =  ^gn{I-bn)  4"^  ^^'''  (  ^'  "  i^n  ) 

from  which  it  appears  that  3/n  =  3/i,  i.  e.,  the  bending  moment  3fi 
may  be  constructed  as  that  arising  from  the  proposed  concentrated 
weights  applied  at  the  points  proposed. 

This  proposition  respecting  M^  was  first  demonstrated  by  the  author 
about  1885,  and  was  communicated  by  him  to  Professor  Maurice  Levy, 
who  published  it  with  due  credit,  but  demonstrated  diflFerently,  in  his 
great  work  La  Stalique  Graphique,  7F«  partie,  p.  334. 

19.  The  foregoing  development  is  imijortant,  as  giving  in  a  single 
graphical  construction  the  maximum  moments  under  a  set  of  wheels 
throughout  the  entire  span,  but  is  still  more  important,  perhajis,  as 
leading  to  a  new  formula  for  an  ajjproximate  value  of  an  equivalent 
uniform  load,  which  formula  we  shall  now  deduce. 

It  has  just  been  shown  in  equation  (17),  that  the  part  3/o  of  the  total 
bending  moment  is  the  same  as  that  which  would  be  caused  by  a  uni- 
formly distributed  load  of  total  amount  2  L,  i.  e.,  the  equivalent  charge 
per  unit  of  the  span  is 

„      2Z 

w  =  — 

The  other  part  M^  of  the  bending  moment  may  be  regarded  as  due  to 

concentrated  loads  —j-  f/i,  etc.    In  case  there  are  three  or  more  of  these 

at  distances  not  excessively  unequal,  the  moment  j^olygon  for  M^  differs 
but  little  from  a  parabola.  It  may  in  all  ordinary  cases  be  taken  to  coin- 
cide very  approximately  with  the  equilibrium  iiolygon  (parabola)  of  the 
sum  of  these  proposed  concentrated  weights  taken  as  uniformly  dis- 
tributed.    Their  sum  is 

Z  "-1  L 

n-l 

in  which  ^  rf,  =  /'  is  the  length  of  the  load  or  wheel  base.     The  charge 
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per  unit  of  length  of  this  load  when  uniformly  distributed  is 

Hence  the  total  equivalent  uniform  load  is  aj)proximately 

2Z 


W   =  to      10     :=  ■ 


(1-^) • (1«) 


I 

It  is  to  be  noticed  that  the  last  term  in  (18)  takes  account  of  the 
degree  of  concentration  of  the  set  of  wheel  weights,  and  it  varies  from 
the  value  zero,  in  case  the  set  consists  of  a  single  wheel  (z.  e.,  I'  =0)  to 
the  value  h  in  case  the  wheel  base  covers  the  entire  span,  with  interme- 
diate values  when  I'  is  less  than  I.  It  would  seem  most  proper  to  use  (18) 
in  the  following  manaer,  in  order  to  apply  it  to  one  or  more  locomotives 
in  the  middle  of  an  unlimited  uniform  train.  Let  E  be  the  engine 
excess,  i.  e.,  the  amount  by  which  the  locomotives  all  together  exceed 
the  weight  of  an  equal  length  of  the  uniform  train.  We  can  then  con- 
sider the  span  to  be  loaded  throughout  with  the  uniform  unlimited 
train  causing  a  charge  of  tot  per  unit  of  length,  and  to  that  must  be 
added  the  charge  due  to  a  total  engine  excess,  E  occupying  a  length  i' 
supposed  to  be  less  than  /. 

The  bending  moments  in  the  span  will  then  be  due  to  a  charge  per 
foot  of 

"=-+-fO-2l) "" 

Objection  may  be  made  to  taking  the  uniform  train  both  in  front  of  the 
engines  and  behind  the  locomotives.  But  in  computing  bending  mo- 
ments it  is  not  objectionable  so  to  take  the  loading,  for  it  is  on  the  side  of 
safety  and  might  sometime  actually  occur.  The  length  I'  should  be 
taken  as  the  total  distance  between  the  parts  of  the  uniform  train  before 
and  behind  the  locomotives. 

20.  We  shall  conclude  the  discussion  respecting  the  stress  due  to  a 
limited  set  of  wheels,  all  of  which  remain  on  the  span,  by  finding  which 
■wheel  produces  the  maximum  shear  at  any  point  of  a  simple  girder  and 
then  deriving  a  convenient  expression  for  the  weight  of  a  single  load 
which,  in  conjunction  with  a  uniform  distribution,  will  cause  a  safe 
approximation  to  the  maximum  shear  due  to  the  actual  concentrations. 

In  order  to  compare  together  the  shearing  stresses  just  at  the  left  of 

the  several  wheel-weights,  consider  a  set  of  r  wheels  W\ Wn Wr, 

r 
of  which  Wn  is  any  one,  all  of  which  remain  on  the  span.    Let  L  =  :SW 

1 

denote  the  total  load  on  the  span  A  B.  Then  the  shear  just  at  the  left  of 
any  wheel  Wn  may  be  written  in  the  form 


L  ,         "-1 
1 


S    =    ~bg-         2         W 
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in  whicli  e  luation  the  summation  includes  all  the  wheels  at  the  left  of 
Wn.    The  notation  will  be  understood  from  Fig.  14,  where  we  have 

bg  =  hn  —  rjn 

Snbstitutin'^  this  value  of  bg  in  the  previous  equatifin,  we  may  write 
tlie  shear  tluis: 

s=-Lbn-l^on  +  ''2    ^^\ (20) 


/ 


In  this  equation  the  slioar  has  hi>on  separated  into  two  parts,  which 
can  conveniently  be  si^parately  considered. 

Write  equation  (20), 

IS  -=■  S->  —  Si , 
then  the  jiart 

S.J    =   -j~     bn 

depends  sole'y  upon  the  abscissa  bn  of  the  point  in  the  span  where  we 
take  the  shear,  and  it  increases  uniformly  from  zero  at  2?  to  i  at  A. 

In  Fiji;,  15  let  A  B  — I  and  B  Bo  =  L,  then  A  Bo  lias  the  slope  i-^  ^. 
Through  the  center  of  gravity  Crdraw  Ao  B,  at  the  same  slojDe,  then  is 
Ao  A'  =L,  and  the  vertical  ordinate  vii  rii  between  these  linps  at  any 
point  Las  the  value  S2  for  that  point,  as  shown  in  Fig.  15  at  TFi.  S.> 
would  have  tlie  same  value  at  this  point  of  the  span  whatever  wheel  may 
stand  at  the  point.     The  other  part  of  ^S"  is 

S,=jLgn+     ^     W, 
I  1 

and  dei^euds  only  on  the  number  and  weight  of  the  wheels  at  the  left  of 
Tin,  and  not  at  all  upon  the  jiosition  of  the  set  upon  the  span. 

Tiie  first  term  of  Si  is  the  ordinate  between  Ao  O  and  A  O,  and  the 
second  term  is  the  ordinate  at  any  wheel  between  A  G  and  the  lower  ex- 
tremity of  the  wheel  weight,  ^Vn.  Now  O  moves  with  the  set,  hence 
<7nis  constant.  There  is,  therefore,  a  constant  value.  Si,  for  each  wheel 
of  the  set,  regardless  of  its  positi  m  upon  the  span. 

In  order  t'.iat  S  may  have  its  greatest  value  at  a  given  point  of  the 
span  Si  must  have  its  smallest  value.  To  find  the  least  value  of  Si, 
draw  H K at  the  slope  L  ~l  in  the  lowest  position  it  can  be  i)ut,  and 
touch  the  weight  line  at  any  i)oint,  as  at  ^2-  The  vertical  ordinate  TOs 
ks  between  ^0  B'  and  H K\&  the  smallest  possible  value  of  Si,  and  the 
wheel  weight  which  it  touches  is  the  one  which  causes  a  greater  shear 
than  any  other  so  long  as  all  the  wheels  remain  on  the  span. 

.  ■  .  iSmax=W2  ^'2 — wij  Tc2=Jc2  n.,. 
It  has  been  shown,  therefore,  that  the  maximum  value  of  the  shear 
at  any  point  of  the  si)an  A'  B'  is  simply  the  vertical  ordinate  at  that 
point  between  H  K  and  A'  B'. 
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21.  It  is  evident  that  the  method  jtist  devel()i)ed,  of  finding  the  great- 
est shear  due  to  a  limited  set  of  wheels  on  the  span,  may  b«!  ai)i)lied  to 
one  or  more  locomotives  followed  by  a  uniform  train,  in  either  of  two 
ways.  Either  add  the  greatest  shear  due  to  the  locomotives  to  that  due 
to  the  train,  or  add  that  due  to  the  locomotive  excess  to  that  due  to  a 
uniform  train  whose  head  is  taken  to  be  at  TF, . 

It  will  be  unnecessary  here  to  discuss  that  part  of  the  total  shear 
which  is  due  to  a  train  extending  without  limit  toward  the  right,  fur- 
ther than  to  remark  that  its  amount  at  any  point  to  the  left  of  the  head 
of  the  uniform  train  is 

ir  b- 

in  which  equation  b  is  the  distance  from  B  to  the  head  of  the  uniform 
train  of  which  w  is  the  weight  jDer  unit  of  length.  Sw  added  to  the 
shear  obtained  in  eciuatiou  (20)  gives  as  the  expression  for  the  total  shear 
just  at  the  left  of  Tin,  and  due  both  to  the  locomotives  and  train: 

'^=  r^"~i  ^" ""?'"'+ 2T (2^) 

in  which  equation  it  is  understood  that  all  the  locomotive  wheels  are 
upon  the  span,  and  L  denotes  the  weight  of  the  locomotives  alone,  and 
b  is  the  length  of  that  p&vt  of  the  uniform  train  between  B  and  the 
locomotives. 

Again:  let  us  take  a  different  interjiretation  of  (21).  Let  ^denote 
the  engine  excess,  and  let  it  be  superposed  upon- a  uniform  train  extend- 
ing from  B  to  Wi  at  the  head  of  the  locomotives.  We  may,  then,  for 
long  spans  write  as  an  approximate  value  of  the  shear  at  the  left  of 
TFi: 

S=^(^E-\-^wb,') (22) 

which  will  give  a  shear  somewhat  in  excess  of  the  actual  max- 
imum shear  for  any  sjjan  long  enough  to  take  in  all  the  locomotive 
wheels.  Et^uation  (22)  takes  the  whole  engine  excess  to  be  situated  at 
Wi  and  disregards  the  second  term  of  (21).  The  term  thus  neglected  is 
more  than  enough  to  make  up  for  the  error  committed  in  taking  the 
shear  at  the  left  of  Wi  throughout  the  entire  span,  instead  of  taking  it 
just  at  the  left  of  W-2  or  W^  in  the  segments  dominated  by  those  wheels. 

In  spans  shorter  than  the  wheel  base  of  the  locomotives  it  is  evident 
that  the  total  engine  excess  is  in  general  less  than  in  the  case  just  con- 
sidered, though  the  reverse  might  occur  with  a  light  tender  and  heavy 
uniform  load,  when  the  tender  was  not  upon  the  span. 

Nevertheless,  equation  (22)  can  be  used  as  a  useful  and  safe  approxi- 
mation for  short  spans  as  well  as  long  ones. 

22.  It  has  been  shown  in  course  of  the  discussion  of  the  properties 
of  the  reaction  polygon  in  connection  with  Fig.  2,  that  the  numerical 
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value  of  the  shearing  stress  in  a  girder,  or  the  vertical  component  of  the 
stress  acting  in  the  web  members  of  a  single  intersection  truss,  may  be 
found  at  any  point  of  a  given  span  by  simply  reading  to  scale  the  verti- 
cal ordinate  at  the  point  between  the  line  of  zero  shears  for  the  span  and 
the  weight  line  in  case  of  a  girder,  or  between  the  zero  line  for  the  span 
and  the  stepped  line  of  zero  shears  for  the  panels  in  case  of  a  truss. 

It  is,  moreover,  well  known  that  the  numerical  value  of  the  bending 
moment  at  any  point  of  a  girder  may  be  obtained  by  simply  reading  to 
scale  the  vertical  ordinate  at  the  i)oint  between  the  closing  line  for  the 
span  and  the  equilibrium  polygon  due  to  the  weights.  Such  an  equi- 
librium or  moment  polygon  is  drawn  upon  the  large  diagram,  Fig.  3. 

The  discussion  of  the  moment  polygon  is  a  matter  somewhat  aside 
from  the  main  purpose  of  this  paper,  yet  its  employment  so  greatly 
facilitates  practical  work  that  we  here  give  it  a  brief  consideration. 

It  may  seem  to  the  practical  bridge  designer  that  the  measurement 
of  moments  upon  such  a  diagram  cannot  be  made  with  sufficient  accu- 
racy for  bridge  calculation,  but,  in  fact,  perfectly  satisfactory  readings 
are  now  made  in  the  office  of  the  Chief  Engineer  of  the  C.  N.  &  T.  P. 
Bailway,  where  this  method  of  reading  diagram  to  scale  has  displaced 
that  of  using  tables  of  moments,  which  had  been  employed  for  years. 
Of  the  gi-eat  convenience  and  rapidity  of  the  graphical  method  there 
can  be  no  question. 

A  method  of  constructing  the  moment  polygon  and  moment  lines 
for  each  separate  wheel  weight  on  profile  paper  to  the  scale  on  which 
the  i^aper  is  itself  ruled,  in  such  a  manner  as  to  avoid  all  inaccuracies 
due  to  drawing  jjarallels,  as  well  as  all  uncertainties  as  to  scale,  and  so 
make  the  diagram  equivalent  to  a  table  of  moments,  has  been  published 
by  Ward  Baldwin,  C.E.*    This  superior  method  is  shown  in  Fig.  3. 

23.  To  construct  and  use  the  moment  polygon  1,  2,  3,  etc.,  in  Fig.  3, 
proceed  as  follows:  Take  the  horizontal  line  0  0,  which  is  the  zero  line 
from  Avhich  loads  are  read,  to  be  also  the  zero  line  for  moments.  At  one 
hundred  feet  (100')  to  the  right  of  wheel  1,  lay  off  from  0  0a  vertical 
ordinate  =  TFi  i)ounds.  Through  its  upper  extremity  and  the  foot  of 
Wi  draw  the  moment  line  11. 

If  we  take  the  ordinate  at  100'  to  represent  100  TFi  foot-pounds,  then 
the  scale  of  moments  in  foot-pouuds  is  one  one-hundredth  the  scale  of 
weights  in  pounds,  and  the  ordinate  between  00  and  11,  at  any  point,  is 
evidently  the  moment  of  TTi  about  that  point  in  foot-pounds. 

Again,  at  100'  from  TTg  lay  off  from  11  a  vertical  ordinate  =  W2 
pounds.  Through  its  upper  extremity  and  the  point  where  11  intersects 
the  vertical  at  TF2,  draw  the  moment  line  22.  Then  is  the  ordinate  be- 
tween 11  and  22,  at  any  point,  the  moment  of  W2  about  that  point;  and 
the  ordinate  between  0  0  and  22  at  any  point  is  the  moment  of  TFi  and 

*  Engineering  News,  September  28th,  1889. 


EDDY  OK   CON'CENTRATED    LOADS   IN   BRIDGES.  307 

TFo  about  that  point.     Draw  in  a  similar  manner  the  moment  lines  3  3, 
4  4,  etc. 

The  uniform  train  is  taken  as  concentrated  in  sections  of  10'  each  at 
verticals  19,  20,  etc.,  as  also  at  0,  —  1,  —  2,  etc.  These  last  concentra- 
tions give  the  moment  lines  —  1  —  1,  —  2  —  2,  etc.  It  will  be  easy  to 
test  the  accuracy  of  the  construction  by  computin^i;  the  moments  of  the 
successive  wheels  about  certain  fixed  i)oiuts,  say  at  20'  or  50'  from  ll'i, 
and  see  whether  the  successive  moment  lines  cross  the  ordinate  at  the 
fixed  point  at  their  jiroper  heights.  There  need  be  no  difficulty  in 
making  these  constructions  to  such  scale  and  of  such  proved  accuracy  at 
every  i)oint  as  to  merit  the  full  coufldence  of  the  practical  designer. 

These  moment  lines  and  the  moment  polygon  formed  by  them  can 
be  employed  in  several  ways,  among  which  we  may  notice: 

First. — The  bending  moment  at  any  point  of  a  girder  is  the  vertical 
reading  between  the  polygon  and  the  closing  line  or  thread  stretched 
between  those  points  of  the  jiolygon  which  are  in  the  verticals  at  the 
extremities  of  the  span,  A  scale  consisting  of  a  i^iece  cut  from  the 
same  ruled  sheet  will  be  found  convenient. 

Second. — The  bending  moment  at  any  pin  of  the  unloaded  chord  of 
a  sinjile  intersection  truss  is  the  vertical  reading,  at  that  pin,  between 
the  closing  line  for  the  span  and  the  closing  line  for  the  panel. 

Third. — The  moment  of  any  number  of  wheels  to  the  left  of  any 
point  about  that  point  is  the  reading  on  the  vertical  at  the  point  be- 
tween the  moment  lines  for  those  wheels.     In  this  manner  the  value  of 
B 
2  Wb  may  be  read  and  its  value  used  in  computing  the  shear  at  any 

point  or  in  finding  center  of  gravity. 

Fourth. — It  will  be  possible  to  find  by  actual  trial  in  many  cases 
which  one  of  the  wheels  produces  the  greatest  bending  moment  at  a 
given  point  of  the  sjian,  especially  in  case  of  short  spans,  by  finding  at 
which  wheel  the  ordinate  is  greatest  betweeu  the  closing  line  and  the  mo- 
ment polygon.  In  such  trials  upon  the  moment  polygon  a  hollow  right- 
angled  triangle  cut  from  the  same  ruled  sheet  as  the  diagram  will  be 
found  to  be  a  great  convenience,  as  also  for  use  in  similar  trials  upon 
the  reaction*  polygons;  for,  taking  a  point  upon  its  horizontal  edge  as 
A  such  that  B  falls  upon  the  vertical  edge,  we  readily  locate  the  ex- 
tremities of  the  span  so  as  to  fulfill  one  condition  or  another. 

24.  It  is  also  possible  by  help  of  the  moment  jjolygon  to  find  in  a 
simple  manner  those  segments  of  a  girder  resting  on  end  supports  in 
which  the  maximum  shear  is  dominated  by  the  successive  wheels  near 
the  head  of  the  train.  This  method  of  solution  is  due  to  Ward  Bald- 
win, C.  E.,*  and  is  as  simple,  grai)hically,  as  that  already  given  by  help 
of  reaction  polygons.     It  is  as  follows : 

•  Engineering  News,  October  IJth,  1839. 
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Take  the  expressions  already  given  in  Art.  6  for  S'  and  S"  the  shears 
just  at  the  left  of  6"  and  C"  respectively,  in  which  the  last  terms  are  the 
total  loads  to  the  left  of  these  points.  Let  C  and  C"  be  situated  at  tbe 
■wheels  at  which  the  shears  are  to  be  compared.  Then  the  final  summa- 
tions in  the  expressions  for  .S'  and  S"  will  not  include  the  wheel  weights 
at  C  and  C"  respectively. 

In  order  to  find  the  point  where  two  wheels  i^roduce  the  same  shear, 
let  S'  —  S",  and  equating  their  values  as  given  in  Art.  6,  transposing, 
canceling,  etc.,  we  have 

B"  B'  C" 

:S  Wb"  —:S  Wb'  =^12  W (23) 

A"  A'  C 

in  which  b"  —  b'  for  any  wheel  is  the  distance  which  it  is  necessary  to 
move  the  train  to  bring  one  of  the  wheels  considered  to  the  position 
previously  occupied  by  the  other. 

The  first  term  in  equation  (23)  is  the  height  of  the  moment  j^olygon 
above  0  0,  the  zero  line  of  moments  at  the  vertical  through  B'.  The 
second  term  is  the  height  of  the  moment  polygon  above  0  0  at  the 
vertical  through  B'.  The  distance  between  the  verticals  at  B"  and  B'  is 
b"  — h'  =  d,  the  distance  ajiart  of  the  wheels  under  which  the  shears 
are  taken  as  equal.  Hence  the  first  member  of  equation  (23)  is  the 
difference  in  height  of  two  points  on  the  moment  polygon  whose  hori- 
zontal distance  is  d. 

The  second  member  shows  how  much  this  vertical  height  must  be, 
for  it  is  the  product  of  the  weight  of  each  wheel  between  C"  and  C  mul- 
tiplied by  I,  and  the  product  for  each  wheel  can  be  read  off  upon  the 
diagram  at  a  distance  I  to  the  right  of  each  of  those  wheels. 

Hence  to  find  the  point  in  the  span  where  TFi  and  W^  produce  the 
same  shear,  read  off  I  W^  on  the  diagram  and  lay  it  off  downward  from 
the  upper  left  corner  0  of  a  rectangular  card  or  sej^arate  slip  of  the 
ruled  sheet,  call  it  0)71.  Lay  off  horizontally  from  the  same  corner 
On  —  d,  then  are  Om  and  On  the  vertical  and  horizontal  distances 
between  the  points  of  the  moment  ciirve  at  B'  and  B" .  Place  the  card 
so  that  m  falls  upon  the  moment  polygon,  and  slide  m  along  the  polygon, 
keeping  the  card  horizontal  until  n  also  is  upon  the  moment  polygon. 

Then  m  is  in  the  vertical  at  B'  and  n  in  that  at  B" ,  such  that  the 
shear  under  W^  is  the  same  when  the  right  end  of  the  span  is  at  B\ 
as  it  is  under  TT^,  when  the  right  end  of  the  span  is  at  B".  The 
segment  dominated  by  Wi  is,  therefore,  the  distance  from  TT'i  to  B', 
or  from  W2  to  B" ,  in  the  case  when  this  condition  is  fulfilled.  The 
l>oint  where  TF2  TF3  produce  the  same  shear  may  be  found  in  similar 
manner. 

This  demonstation  supposes  that  no  wheels  pass  off  the  span,  for  had 
some  wheels  left  the  span  then  some  other  line  than  0  0  would  be  the 
line  of  zero  moment. 


EDDY   ON   CONCENTRATED    LOADS   IN    BRIDGES.  309 


PAET  II. 

Maximum  Stresses  under  Concentrated  Loads  in  Cantilevers  xntth 
Two  Supports;  and  in  Double  Intersection  Trusses  y.TTH  End 
Supports. 

1.  Tho  oautilever  ED,  Fig.  1,  is  supposed  to  be  continiioiis  between 
its  extremities  E  and  D  and  to  rest  upon  supports  at  A  and  B,  while 
the  spans  E  E  and  D  O  are  supported  at  their  extremities  E  and  O 
resiiectively  by  piers,  but  at  their  other  extremities,  D  and  E,  they  are 
supported  by  the  cantilever  itself. 

It  will  be  convenient  in  this  discussion  of  the  cantilever  to  employ 
a  systematic  notation  like  that  previously  employed,  viz. : 

Let  a  denote  the  distance  of  any  wheel  from  A,  b  its  distance  from 
B,  c  from  C,  etc.,  etc.,  and  let  the  distance  a  be  taken  as  positive  when 
the  wheel  is  at  the  left  of  ^4,  but  negative  when  it  is  situated  to  the 
right  of  ^1.  Similarly,  let  the  distances  of  a  wheel  from  any  other 
points,  as  B,  C,  etc.,  be  taken  to  be  positive  toward  the  left.  Also  let 
/a  denote  the  span  E  A  at  the  left  of  ^l,  and  La  the  total  load  on  the 
span  la,  and  similarly  tor  the  other  spans  at  the  left  of  the  points  B,  D 
and  E,  w  th  their  loads  as  shown  in  Fig.  1.  Then  shall  we  have  the 
identities: 

h  —  a  =  lb,      d  —  b  =  Id,  etc. ,  etc. 
d  —  a  =:  Ib-j-  Id,       e  —  d  =  la  -\-  ^b  -{-  Id,  etc.,  etc. 
c  —  a  =  ca,      c  —  e  =:  la  -{-  ca,  etc.,  etc. 

2.  The  position  of  t'.e  train  when  it  produces  the  numerically  greatest, 
shear  at  any  jjoint  C  of  the  end  span  B  D  of  the  cantilever  E  D,  in  Fig. 
1,  may  be  investigated  in  a  manner  similar  to  that  previously  employed 
with  the  simple  girder,  thus: 

It  is  well  known,  and  need  not  be  here  demonstrated,  that  the 
greatest  shear  at  any  point  C  in.  B  D  will  be  under  one  of  the  wheels 
near  the  head  of  the  train  when  the  train  extends  from  G  to  near  C,  the 
point  considered.  In  particular  the  ca.se  need  not  be  investigated  of  a 
train  extending  from  any  point  in  the  opposite  direction  as  F  or  .1  and 
extending  up  to  C ;  or  what  is  the  same  thing,  it  is  unnecessary  to  investi- 
gate the  shear  at  lioints  oi  E  A  when  the  train  extends  from  ^  or  G  or 
from  any  point  between  ^1  and  G  up  to  or  near  the  point  of  E  A  under 
consideration;  for  the  shear  in  B  D  is  greatest  when  the  train  approaches 
from  G,  and  gi-eatest  in  E  A  when  it  approaches  from  F. 

Let  Vd  be  that  part  of  L'j  which  is  supported  by  the  extremity  D  of 
the  cantilever,  then  the  shear  S  just  at  the  left  of  any  point  C  ol  D  D  i.s 
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J)  G 

S=Vd  +  :2  W.       But    Va  Ig  =  2  Wg, 

c  n 

heuce,   S=2  TV -i -^  2  W, 
n       Ig      C 

in  which  equation  the  sign  of  S  is  taken  as  positive  when  produced  by  * 
a  force  acting  ujiward  upon  the  cantilever  at  the  left  of  C  or  downward 
at  the  right  of  (*,  and  vice  rersa. 

In  order  to  compare  the  shear  under  one  wheel  standing  at  C  with 
that  under  some  other  wheel  at  a  distance  .>•  to  the  right  of  it  when  it 
also  arrives  at  (',  let  S'  denote  the  shear  under  the  first  wheel  when  at 
C,  and  S"  that  under  tlie  other  wheel  when  at  ^'.  Let  the  train  bo  sta- 
tionary, and  suppose  the  cantilever  to  be  shifted  toward  the  right  a 
distance  x  under  the  train  from  its  initial  position,  in  which  C  is  at  r*', 
to  the  final  jiosition  in  which  C  is  at  C" .  Denote  the  corresponding 
positions  of  7)  by  D'  and  7)',  and  so  on  for  the  points  .1,  B,  etc. 

We  then  obtain  by  subtraction  : 

[G'      J)'     G  -,         „         G'       f  „         , 
2—2  +  2     W^ 2  TF-^^— -i 
ir      I)'     G'A        k       D'  h 

-f      2  —  2^2       ^y  —  2W, 

Lc     c   z»'J  c" 

in  which  equation  the  summations  in  the  ftrst  square  bracket  are 
together  equivalent  to  a  single  summation  from  D'  to  (i\  and  those  in 
the  second  to  one  from    ('"  to  D'  by  reason  of  the  identities  : 

B'  G'  =!)•  G'  —  D'  B'  +  G'  G" 

C  B"  =  C  B'  —  C  C  +  B'  B" 
Also  7'  =  .7 "  —  .V. 
Cancel  and  make  use  of  the  equality     7 '  —  if  =  Ig  ,    and  we  have  : 


5' .§'        1  rG'  G"       ^,.,       B'        ,7-1        1     C" 


X 


-f      2-  W+2  Wl 2  W—      ■ —2  W. 

h  LB'  G'       •'■■       B'        ■'■  J        •'^    C 


(1) 


an  equation  which  admits  of  a  simjile  geometrical  interpretation  as 
shown  in  Fig.  2. 

Let  Hd  and  t(g  lie  on  the  reaction  polygon  for  the  span  whose  length 
is  .'• ;  then  the  first  group  term  in  the  last  member  of  equation  (1)  is  the 
tangent  of  the  inclination  of  the  slojje  line  >'d  ttg  to  the  horizontal,  and 
the  last  term  of  equation  (1)  is  the  tangent  of  the  inclination  of  the 
slope  line  k'  k"  for  the  load  in  the  span  C  C" . 

When  the  slope  of  ua  'ig  is  greater  than  that  of  Tc'  k' ,  then  is  *S'  >  ^S"', 
and  vice  rersa. 

It  is  to  be  noticed  that  the  slope  of  iid  ug  will  not  greatly  vary  as  an 
ordinary  train  moves  across  the  span,  especially  when  Ig  is  large,  and 
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consequently  one  and  the  same  wheel  near  the  head  of  the  train  will 
usually  dominate  the  shear  in  the  whole  of  B  D. 

3.  To  discover  what  position  of  the  train  produces  the  greatest  shear 
at  any  point  G  of  the  middle  span  A  B  oi  the  cantilever  ED,  Fig.  1,  the 
l^rocedure  is  similar  to  that  just  detailed  :  The  shear  xS  at  C  is  given  by 
the  equation 

C 

S=  Va  —  Ve  —  2   W 

E 

By  taking  moments  about  B  we  find  in  notation  already  explained 

D 

Va  lb  =  2   Wb—  Vd  Id  +    Ve  (la  +  lb  ) 

E 


EDDY   ON"    CONCENTRATED    LOADS    IN    BRIDGES.  313 


Now, 

Vd 

h  = 

G 

^  Try, 
I) 

aud 

Ve  U 

=  - 

E 
F 

/. 

Hence 

we 

find 

by  sub 

stitutiou 

S: 

= 

1 

I) 
E 

J) 

Wff- 

fa 
le 

E 

Tjy 

r 
—  :^  rr: 

E 

It  is  known  that  tlio  shear  is  greatest  just  at  the  left  of  some  wheel. 

In  order  to  comiiare  the  shears  under  [i.  e.,  just  at  the  left  of)  two 
wheels  at  a  distance  .'•  from  each  other,  let  C"  and  C"  denote  their 
respective  positions  of  the  two  wheels  on  the  load  line.  Then  using 
notation  previously  emiiloyed,  we  find 

S''  —  S'  =  \    .S+  .2  —  3    I  w  -, —  :i^  Tr''        ■  ' 


lb      J,"  lb 

lb 

-x) 


r  D'      D"      E"~] 

l_E'      D'       E'  J 
/,  rO'      G"     7>"-l  -         la    O'        (,,-_, 

^9  \_D'       G'      I)'  J         •*  '^    JJ'  '" 

7     rE'       E"      F"-\  f  1     E'       if'^x 

-A.        2+2-2      \w  I-    +-2!L2W^—-- 
U    \_F'       E'      F'  _|  F'  "* 

rc       C-     E"~]  r 

—  12  +  2—2      \  W+  2   W. 

L  E'       C        E'  J  £■ 

Cancel  and  notice  that  6"  —  a"  =  h,  and  the  equation   may  then  be 
written  in  the  form, 


S"—S' 


X 


-=i      2  W+  2  W 2  W~ 

'«- 1_A,'  />'       •'■      E'       ■'■J 

~\  2  w+2  w' — 2  ^y■— 

'^  |_D'  G'       •'■       !)•        'J 

7    rE'       E"     f    F      f -\     1  C" 
-,     3Tr'4-:^  TT'^^^ — :^  11'^—   —  l^ir 

'  ''•  y_F'  E'         ■'■       F'         ■'■  J      ■'■  C 


hi 
'lb 


In  the  first  bracket  put 

b"  =  d"  —  U,  and  a"  =  e"  +  U  ; 

in  the  last  term  of  the  second  i)ut  g"  =  d"  +  Ig  ;  and  in  the  middle  term 
of  the  third  put/ "  =  e"  —  /«.     Cancel,  aud  the  equation  becomes 
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'^   — -^  _  ±\     2  W-\-  2  W-—  2  W- 


] 


.TE'  E"       „..       i^"       f-1,        1   r 


an  equation  which  may  be  interpreted  as  shown  in  Fig.  3. 

Let  u  H  be  the  reaction  polygon  for  the  sj^an  whose  leogth  is  x; 
then  the  first  bracket  of  the  last  member  in  (2)  expresses  the  height  of 
ud  above  ue,  the  second  the  height  of  ug  above  ua,  and  the  third  the 
height  of  Ue  above  «/.  It  is  evident,  from  similarity  of  triangles,  that  the 
second  bracket  multiplied  by  la  -^  Ig  expresses  the  height  of  ua  above 
tb;  and  the  product  of  the  third  bracket  by  la  -r  le  expresses  the  height 
of  ta  above  ue:  hence  the  total  coefiicient  of  1  -;-  /&  expresses  the  height 
of  tb  above  ta.  This  height  divided  by  h  is  the  tangent  of  the  angle 
which  the  slope  line  ta  tb  makes  with  the  horizontal. 

Again,  the  coefiicient  of  1  -^-  x  in  the  last  term  of  (2)  is  the  sum  total 
of  the  wheel  weights  which  pass  G  during  the  movement  ,r,  including 
that  standing  at  C  and  excluding  that  at  C" ,  and  this  divided  by  x  is 
the  tangent  of  the  angle  which  k'  A, "  makes  with  the  horizontal.  When 
the  slope  of  ta  tb  is  the  greater,  then  is  S"  >  S',  and  ince  versa. 

It  will  not  be  difficult  to  determine  the  segments  of  ^  5  in  which 
the  greatest  shears  are  dominated  by  the  several  wheels  near  the  head 
of  the  train,  for  these  wheels  cause  greater  shears  than  those  more 
distant  from  the  head  of  the  train,  as  appears  at  once  from  the  general 
equation  for  S  given  above. 

First  find  the  j^oint  oi  A  B  where  Sj,  the  shear  just  at  the  left  of 
TFi  is  equal  to  aS'2,  the  shear  just  at  the  left  of  TF^,  on  the  supposition 
that  TFi  does  not  leave  A  B  when  IF2  arrives  at  the  point  mentioned, 
as  it  usually  will  not.  Since  the  train  at  most  extends  from  O  to  some 
point  between  A  and  B,  there  are  no  wheels  between  F  and  A,  so  the 
third  bracket  vanishes  as  well  as  the  third  term  of  the  first  bracket  in 
(2).  Hence,  in  this  case,  the  reaction  polygon  between  uf  and  ua  coin- 
cides with  the  horizontal  through  ta,  as  does  also  the  slope  line  uf  ta,  as 
well  as  the  weight  line.     See  Fig.  4. 

Now  draw  ta  tb  parallel  to  k^  k^,  then  the  height  of  tb  above  ta  becomes 
knoAvn  =  B'  tb. 

Now  let  a  card  be  cut  in  the  shape  represented  by  the  broken  lines, 
such  that  three  parallel  vertical  edges  are  at  the  respective  distances 
apart  of  the  verticals  at  B,  D  and  G.  Place  the  left  hand  upper  corner 
of  the  card  at  the  height  of  tb  above  ta,  then  shift  the  card  horizontally  (so 
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tliat  this  left  upper  ror  er  will  remain  at  tlie  same  height)  uiit'l  the  i^niits 
vd  and  w<7,  where  the  other  two  vertical  edges  of  the  card  cut  the  reactiou 
polygon,  fall  in  the  same  straight  line  with  the  ujjpcr  left  corner.  This 
gives  the  i^osition  of  the  tra'n,  or  better,  the  position  of  the  cantilevi  r 
when  the  head  of  the  train  has  amvcd  at  a  point  where  the  shear  just  at 
the  left  of  ir,  is  the  same  as  the  shear  just  at  the  h'ft  of  W.,  will  Ix-, 
when  W.,  arrives  at  that  point.  Tht'  grcates*^  shear  in  that  segment  of 
A  B  at  the  right  of  the  point  so  determined  is  dominated  by  ir,  ;  and 
at  the  left  of  this  point  the  shear  is  grea'est  just  at  the  left  of  IT...  until 
ll'o  arrives  at  the  point  Avhere  the  shear  just  at  the  left  of  n\,  is  equal 
to  that  which  will  exist  just  at  the  left  of  TTg  when  U',  shall  arrive  at 
the  same  j^oint.  The  construction  for  finding  this  second  point  will  be 
similar  to  that  for  the  first  point,  hut  in  this  case /a  <<>  must  be  drawn 
parallel  to  k.^  A^  instead  of  A-,  A.,.  It  will  seldom  be  necessary  to  find 
this  second  point,  as  the  whole  of  ^1  ]>  will  be  jiractically  dominated 
either  by  IT'i  or  IT'o. 

Moreover,  from  the  general  expression  for  S  given  above  it  not  only 
a]ipears  that  the  shear  is  greatest  near  the  head  of  the  train,  i.  e.,  when 
the  train  extends  not  far  to  the  left  of  C,  but  it  also  apjiears  clear  that 
the  shear  again  begins  to  increase  after  the  head  of  the  train  passes  to 
the  left  of  A,  as  is  evident  from  the  fact  that  6  >  /&  for  those  wheels  at 
the  left  of  J.  And  since/ is  really  negative  in  F  E,  the  shear  at  Cwill 
generally  increase  until  the  head  of  the  train  reaches  F. 

A  comparison  by  the  methotl  of  Fig.  3  will  sliow  whether  the  si  ear 
at  Cis  greatest  Mhen  the  head  of  the  train  is  new  Cor  near  F. 

The  general  expression  for  S  also  shows  that  the  shear  is  greater, 
other  things  beug  equal,  in  case  the  train  is  so  short  that  no  wheels 
stand  between  B  and  G.  The  length  of  the  wheel  base  for  tl  e  locomo- 
tive may  be  such  that  this  conilition  cannot  be  exactly  fulfilled.  Never- 
theless, it  should  be  assumed  that  the  train  consists  of  one  loc-omotive 
and  tender,  or  two  locomotives  and  tenders  with  or  without  uniform 
train,  according  as  the  one  or  the  ot'.ier  assumed  loading  will  cause  the 
greater  shear  at  C.  The  assumed  uniform  train  should  be  taken  as  not 
extending  to  the  right  of  B  in  case  that  assumjition  tends  to  increase 
the  shear. 

If  no  loaling  is  regarded  as  rest'ng  upon  that  part  of  the  canti- 
lever at  the  right  of  B,  and  it  is  desired  to  compare  by  the  method  of 
Fig.  3,  the  shear  at  C  in  case  the  head  of  the  train  is  near  C  with  the 
shear  at  C  in  case  the  head  of  the  train  is  near  F,  then  it  will  be  neces- 
sary to  consider  i?  as  a  free  end  supported  on  a  pier  at  2>  w  thont  con- 
straint, or  whatis  the  same  thing,  take  h  and  Ig  as  of  infinitesimal  lengtli, 
so  that  I)  and  G  may  be  for  the  moment  regarded  as  coinciding  with  B, 
though  in  realitv  thev  do  not  so  coincide.  This  will  make  tb  coincide 
with  ub  in  Fig.  3. 

It  is  to  be  noticed  that  in  case  the  greatest  shear  occurs  with  the  head 
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of  the  train  near  C,  and  there  is  no  load  to  the  right  of  B,  this  differs  not 
at  all  from  the  case  of  the  greatest  shear  at  C  in  a  simple  span  ^4  B,  as 
given  in  the  previoixs  paper.  Having  now  discussed  briefly  the  greatest 
shear  in  a  simple  girder  cantilever,  we^shall  i^roceed  to  treat  the  single 
intersection  truss  cantilever. 

4.  To  discover  the  position  of  the  cantilever  E  D,  Fig.  1,  with  refer- 
ence to  the  train  when  the  shear  is  greatest  in  the  web  members  of  a 
given  panel  H  K,  in  case  the  cantilever  is  a  single  intersection  truss 
with  i^arallel  chords. 

1°.  In  the  end  span  i?  D  at  any  point  (7 of  the  panel  H  K,  the  shear 
in  the  truss  may  be  written — 

'G  D  K        ,         C 

S=2  W-l-  +  :s  W—  2  TF  — +  2  w 
I)        Id         C  H       P        H 

in  which  equation  p  is  the  length  of  the  panel  H K,  and  k  is  the  distance 
of  any  wheel  to  the  left  of  its  right  extremity. 

Let  the  train  be  supposed  to  move  an  indefinitely  small  distance, 
S  X  toward  the  left,  then — 


S  +  a  5  =  I  >Fi^^^i^>  +  2  TF_  f  IF  (i±^> 


Henc 


D  ^'^  H  H  P 


i^  =  JL  3TF—  1  2  TF (3) 

'^  ■'■        Id   D  P  H 


From  equation  (3)  it  appears  that  when  the  head  of  the  train,  as  it 
moves  from  G  toward  B,  has  entered  upon  the  j^anel  HKso  far  that  some 
one  of  the  wheels  has  arrived  at  K,  which  changes  the  sign  of  the  last 
member  of  (3)  from  positive  to  negative  as  it  passes  K,  then  will  S  reach 
a  maximum  which  is  also  its  numerically  greatest  value.  The  first  term 
in  the  last  member  of  (3)  is  the  tangent  of  the  slope  of  the  line  hd  hg  in 
Fig.  5,  while  the  last  term  is  that  of  the  slope  line  in  H  K,  i.  e. , 
either  h  h.,  or  li  I-.,,  according  as  TF,  stands  or  does  not  stand  in  the 
Ijanel.  Hence  it  is  evident  that  maximum  value  of  *S'  occurs  in  if  ^ 
when  TF2  stands  at  K.  The  general  slope  of  Jia  hg  will  not  greatly  vary 
during  the  j)assage  of  the  train;  hence  the  same  wheel  will  usually  com- 
mand the  greatest  shear  in  every  panel  of  B  D. 

2".  In  the  middle  span  ^1  B,  at  any  point  C  of  the  panel  H  K,  the 
shear  in  the  truss  may  be  written  as  the  difference  between  the  shear  in 
the  cantilver  regarded  as  a  girder  and  the  shear  borne  by  the  stringer 


t? 
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n  K,  comi^ave  Art.  ?>.     Hence — 

S=  -r-\    ^  TP^6  -  ^  2  Wg  -  -f  ^  TF/    \-2W 
/&    L^  ^3    D  ^'  F        -A       E 


E 


I    K  C 

— 2Wk  +  2W, 

P    H  H 

in  -whicli  equation  k  is  the  distance  of  any  A\heel  to  the  left  of  the  right 
panel  point  K. 

Now,  it'  the  train  move  an  indefinitely  small  distance  i5  x  toward  the 
left,  we  obtain  in  the  same  manner  as  before — 


8  8         1     F-D  Id     ^  la    E       ^        1^^ 

Sx  ^b    \_^  h     J)  ''     F       J       P  H 


(4) 


The  terms  in  this  equation  have  interpretations  like  those  in  equa- 
tion (2),  except  that  the  last  term  is  the  tangent  of  the  angle  which 
the  slope  line  in  the  panel  fl'/iT  makes  with  the  horizontal.  For  a  maxi- 
mum value  of  S,  the  last  member  of  (4)  must  change  from  positive  to 
negative,  which  change  will  evidently  cccur  just  as  some  wheel  enters 
the  panel  at  K. 

Equation  (4)  is  somewhat  more  simple  than  equation  (2)  because  the 
reaction  polygon  in  this  cas?"  is  simply  the  weight  line,  i.  e.,  the  reaction 
polygon  for  zero  span.  It  will  be  convenient  to  go  on  and  determine  the 
segments  of  A  B,  in  which  the  maximum  shear  is  dominated  by  the 
successive  wheels  near  the  head  of  the  train,  as  may  be  readily  done  by 
the  method  of  Fig.  4,  provided  the  points  ub  ua  tig  be  taken  upon  the 
zero  reaction  polygon,  i.  e.,  upon  the  weight  line,  and  provided  the  slope 
line  of  the  panel  having  the  inclination  IFj  -f-p  be  taken  instead  of  Ai 
ks,  and  the  slope  line  of  the  panel  having  the  inclination  (TFi  -\-  W^)  -r-i> 
be  taken  instead  of  A; 2  ^3,  etc.,  etc.  It  is  also  to  be  noticed  in  this  con- 
nection that  the  general  exi:)ression  for  S  which  has  been  employed  in 
obtaining  equation  (4)  renders  it  evident  that,  other  things  being  equal,, 
the  shear  at  G  will  be  greater  in  case  no  part  of  the  train  stands  between 
B  and  G,  for  b  is  negative  for  wheels  at  the  right  of  B.  Hence  the  train 
should  be  taken  to  consist  of  one  locomotive  and  tender,  or  two 
locomotives  and  tenders  followed  by  a  uniform  train  or  not,  according 
as  the  one  or  the  other  supposition  will  cause  the  greater  shear  at  C.  The 
assumed  uniform  train  should  not  in  any  case  extend  to  the  right  of  B. 

In  case  there  is  no  load  at  the  right  of  B  and  the  head  of  the  train  is 
near  C,  the  construction  for  the  greatest  shear  will  be  identical  with  that 
given  in  Part  I,  for  the  greatest  shear  in  a  single  intersection  truss  of 
span  A  B. 

Furthermore,  it  is  evident  from  the  general  value  of  S  just  referred 
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to,  that  oue  maximum  value  of  the  shear  occurs  when  the  head  of  the 
train  is  near  C,  and  another  when  it  is  near  F,  since  /  is  negative  for 
wheels  standing:  to  the  right  of  F. 

The  concluding  renmrks  of  the  last  article  respecting  the  comparison 
of  the  maximum  shear  at  C  in  ease  the  head  of  the  train  is  near  (',  with 
the  maximum  shear  at  C  in  case  the  head  of  the  train  is  near  F,  apply 
equally  to  the  problem  at  present  under  discussion. 

5.  To  discover  what  jiosition  of  the  train  produces  the  greatest  negative 
bending  moment  at  any  point  Ch\  the  end  span  B  D  of  the  cantilever 
E  J).     Figs.  1  and  6. 

Let  the  sign  of  the  bending  moment  as  usual  be  taken  as  positive 
when  i^roduced  by  forces  acting  upward,  then  the  moment  3/ at  C'may 
be  written : 

D 

31  =—  Vddc  +  :?  Wc 
G 

in  which  eijuation  (h  denotes  the  distance  from  Z)  to  C ;  and  c  as  before 
stated  is  the  distance  from  C  to  any  wheel,  and  is  consefjuently  negative 
for  every  wheel  to  the  right  of  C 

G 
Bixt  Vd  Ig  =  ^  Wg,  hence  substituting  for  Vd  we  have 


D 


./,    ^  D 


M  =  —  -'-2  Wg  -f-  2  Wc 

Now,  let  the  train  move  an  indefinitely  small  distance  5  x  toward  the 
left  and  we  find  in  the  same  manner  as  before: 

l^=-[f---0 (^) 

in  which  equation  Dc  denotes  the  load  standing  upon  the  segment 
D  C.  In  order  that  M  may  reacli  a  maximum  negative  value  the 
parenthesis  in  (5)  must  change  from  positive  to  negative,  i.  e.,  the  last 
member  of  (5)  must  change  from  negative  to  positive.  This  change  can 
occur  in  one  way  only,  viz.,  some  wheel  may  enter  upon  C  JJ  at  D, 
which  will  effect  the  change^  for  this  will  decrease  Lg  and  increase  Dc  by 
an  amount  e(jual  to  the  weight  of  the  wheel  which  enters  at  D.  And 
this  is  the  only  way  that  such  a  change  can  possibly  be  etiected,  for  it 
is  evident  that  when  a  wheel  enters  D  G  a.i  G,  the  effect  is  simply  to 
increase  Lg,  and  when  a  wheel  leaves  C  Z)  at  C  the  effect  is  to  decrease 
Dc.  but  either  of  these  changes  tend  to  make  the  parenthesis  of 
eciuation  (5)  positive  and  not  negative.  The  graphical  method  of 
discovering  which  wheel  must  stand  at  D  in  order  that  M  may  reach  a 
negative  maximum  at  C  is  evidently  identical  with  that  employed  in 
Part  I,  for  discovering  the  position  of  the  train  which  i^roduces  a  maxi- 
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mum  at  D  in  a  simple  girder  of  span  C  G.  The  truth  of  this  statement 
may  be  made  evident  as  follows: 

Without  actually  drawing  any  figure,  but  using  the  notation  previ- 
ously employed,  let  he  and  h^  be  the  points  of  the  weight  line  at  the 
verticals  of  C  and  G,  respectively.  Then  equation  (5)  requires  the  two 
slope  lines  he  ha  and  hd  lig  to  both  lie  on  one  side  of  lu  hg,  and  the  lines 
he  kd  and  kd  hg  to  lie  on  the  other  side  of  he  hg.  The  construction  may 
also  be  arranged  thus:  Prolong  the  slope  lines  hg  ha  and  hg  kd  until 
they  cut  the  vertical  at  G,  then  must  he  lie  between  these  lines  so  i)ro- 
longed  if  Mis  to  reach  a  negative  maximum. 

Now,  there  may  be  several  different  positions  of  the  train,  which 
make  the  negative  moment  at  (7  a  maximum. 

To  find  which  bending  moment  is  numerically  greatest  it  will  be 
sufficient  to  be  able  to  effect  a  comparison  of  the  bending  moments  at 
C  for  any  two  different  positions  of  the  cantilever  with  respect  to  the 
train. 

Denote  the  respective  positions  of  G  D  G,  distant  from  each  other 
by  .^•,  as  before  by  C"  D'  G'  and  G"  D"  G",  and  using  the  value  of  31, 
already  given  in  this  article,  we  find: 


^   rG'       G"       I)"  n  fi    G' 

k  \_D'       G'       D'  J  ^3   B' 

'-]  D' 

'J  c 


M"  -31'  =  -^\   2  +:S   —2      I  Wy"   +  —  2   W{g"  —  .z) 

(c"  —x), 


in  which  equation  we  have  put  g'  =  g"  —  •'«>  and  c'  -^  c"  —  x. 

Cancelling  and  then  substituting  g"  =l-\-  d"  in  the  last  term  of  the 
first  bracket,  and  c"  =  d"  —  de  in  the  second  term  of  the  second  bracket, 
and  then  cancelling  again,  we  have  finally 


3r  —  31' 

X  dc 


1  rG'        G"      ,.      D"     rf-n 
k  yj)'       G'      '"      D'      ^  J 

dc\__G'  B'  ■'■  G'         ■'^J 

It  will  be  unnecessary  to  draw  a  figure  here  to  give  the  graphical 
significance  of  equation  (6),  but  using  the  notation  before  employed,  let 
ue  ud  ug  be  points  on  the  reaction  polygon  for  the  span  x,  at  the  verticals 
through  C"  B'  G'  respectively.  Equation  (6)  shows  that  in  case  the 
slope  of  the  line  ud  vg  is  steeper  than  that  of  ?<c  ?<<J,  then  is  31"  <  31',  and 
vice  versa.  But  when  ud  ug  is  the  steeper,  then  is  ud  below  the  slope  line 
uc  Ug,  and  so  31"  <  3f'. 
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Hence  the  construction  is  the  same  as  that  employed  in  Part  I, 
for  the  case  of  the  greater  moment  at  Z)  in  a  simple  girder  G  G, 
except  that  in  the  i)re8ent  case  the  sign  is  reversed,  i.  e.,  the  smaller 
moment  has  the  greater  negative  value,  so  that  the  moment  which  has 
actually  the  greatest  numerical  value  is  determined  precisely  as  in  the 
8imi)le  girder  given  in  I'art  I. 

The  method  which  has  now  been  given  for  discovering  the  jiosition 
for  the  numerically  greatest  bending  moment  in  the  cantilever  ED  suf- 
fices to  find  the  jjosition  for  the  greatest  stress  in  tlie  flanges  of  a  girder, 
or  in  the  bars  of  the  chord  of  a  single  intersection  .truss  opi)Osite  the 
loaded  pin  points,  or  in  the  bars  of  both  chords  of  a  s'ngle  intersection 
truss  in  the  common  case  of  intermediate  suspenders  or  supports. 

6.  To  discover  the  position  of  the  train  which  causes  the  greatest 
stress  in  a  bar  H  K,  in  the  end  span  Ji  D,  of  a  single  intersection  canti- 
lever truss  E  D,  when  the  1  lar  II K  is  a  member  of  the  chord  opposite  C, 
a  i)in  i)oint  of  the  unloaded  chord. 

In  order  to  obtain  the  bending  moment  31,  sustained  by  the  truss 
itself,  it  will  be  necessary  to  subtract  from  the  bending  moment  obtained 
in  Art.  5,  the  bending  moment  in  the  panel  //  K.  Since  that  moment 
•was  negative  the  result  so  obtained  will  be  numencally  the  sum  of 
these  moments,  and  may  be  written  : 

.G  D  „.    K  a 

M=—  4^2 Wg  +  2 Wc  —  ^2Wk-\-  2 Wc, 
h  D  G  P    H   -  H 

in  which  equation  p  denotes  the  leuiith  of  the  panel  H K,  and  ch  denotes 
the  distance  whirh  H  is  to  the  left  of  C.  Let  the  train  move  a  small  dis- 
tance S  X  toward  the  left,  and  we  then  obtain,  by  an  algebraic  jDrocess 
like  that  already  employed,  the  expression  : 


S  M  I     f/c  !^„.      5tx.  .    Ch  ^ 


\_'o  D 


H  P   II 


(7) 


The  meaning  of  this  equation  can  be  readily  made  evident  by  a  figure 
similar  to  those  already  given.  A  rough  diagram,  such  as  the  reader 
will  at  oni-e  supply  from  the  following  description,  will  make  the  inter- 
pretation clear.  Let  iJbe  the  pin  jjoint  at  the  left  end  and  ^that  at 
the  right  end  of  the  panel  H  K  in  the  end  span  B  D. 

Call  the  points  where  the  verticals  at  H,  K,  D  and  G  cut  the  weight 
line  hh,  hk,  hd  and  hg  respectively.  Draw  the  slope  line  hh  hk  for  the  panel 
and  call  the  point  where  the  vertical  at  G  cuts  it  je.  Draw  also  the 
slope  line  hd  hg  and  prolong  it  until  it  intersects  the  vertical  at  C  at  the 
point  tc. 
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Now  the  last  term  in  equation  (7)  expresses  the  height  of  ./c  above  hn  ; 
the  mitldle  term  is  the  height  of  lid  above  hh,  and  the  diflerence  of  the 
two  thus  found  is  the  difieience  in  height  between  Jc  and  hd.  But  the 
first  term  is  the  difference  in  height  between  tc  and  ha,  and  the  entire 
quantity  within  the  i^arenthesis  in  equation  (7)  is  therefore  merely  an 
expression  for  the  height  jc  tc.  i.  e. , 

d  M 

in  which  equation  jc  U  is  positive  in  case  U  is  above  jc  and  negative  in 
case  it  is  below. 

But  without  drawing  lui  hg  or  locating  the  point  tc  at  all,  it  is  evident 
that  Jc  tc  is  i3ositive  or  negative  according  as  ha  lies  above  or  below  the 
sloj)e  line  Jc  hg,  as  shown  by  a  stretched  thread. 

In  order  that  M  may  reach  a  negative  maximum  the  quantity  in  the 
parenthesis  in  equation  (7)  must  change  from  positive  to  negative, 
which  change  can  occur  at  the  instant  when  some  wheel,  say  Wa  = 
Jid  Tcd  reaches  D,  such  that  the  slope  line  jc  hg  cuts  the  weight  line  be- 
tween hd  and  kd ;  but  this  change  cannot  occur  when  any  wheel  comes 
on  at  G,  for  that  only  increases  the  quantity  in  the  parenthesis;  nor  can 
it  occur  when  any  wheel  leaves  the  panel  at  H,  for  that  has  more  effect 
to  diminish  numerically  the  negative  term  of  the  parenthesis  than  to 
diminish  the  positive  term.  But  these  are  the  only  changes  taken 
account  of  inequation  (7),  consequently  the  negative  maximum,  i.  e.,  the 
maximum  numerical  value  of  31,  is  reached  only  when  some  wheel 
reaches  B. 

In  order  to  compare  any  two  bending  moments,  negative  maxima 
or  not,  at  points  of  the  train  distant  .^•  from  each  other,  denote  the  left 
hand  i^osition  of  the  points  H  C  K,  etc.,  in  the  span  B  D  hj  H'  C  K', 
etc.,  and  the  right  hand  position  of  H"  C"  /t",  etc.  Then  if  we  com- 
pare the  expression  for  31  in  the  first  part  of  this  article  with  that  in  the 
l^revious  article,  it  appears  that  they  differ  in  this,  that  the  value  of  31 
we  are  now  treating  has  in  it  a  pair  of  terms  due  to  the  panel  H  K  and 
point  G,  and  of  the  same  signs  as  those  due  to  the  span  B  G  and  point 
G.  If  we  then  compare  the  moments  at  G'  and  G"  in  the  panel  H  K,  in 
a  manner  like  that  by  which  we  obtained  equation  (6),  we  shall  obtain 
an  equation  having  in  it  all  the  terms  found  in  equation  (6),  together 
with  additional  terms  for  the  j^anel  H  K,  which  can  be  obtained  as  they 
were  in  the  corresponding  investigation  in  Part  I,  but  which  we  can 
readily  write  by  symmetry.  We  may  therefore  venture  to  write  out  the 
equation  without  further  preliminaries,  as  follows  : 
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rjr  Jr        ...       r-        .,  -| 

+      :i^   ir+ 2s^  w- — :£  w~ 
[_  ("  ]>•       •'■       c        •'■  J 

i'    L  ^^'  A''         •'         7/'         •'■  J 

r  ^"  r-        „      ^"      ;  „  -| 

+       :S    7r+  2?    Wl 2    W—      (8) 

\_H'  C  •'"         IP  •'■   J 

Usinp:  the  notation  previously  employed,  the  reader  will  be  able  by 
Lei])  of  the  descriiJtiou  which  follows  to  supply  the  figure  needed  in  the 
interpretion  of  equation  (8).  Let  uc,  iia,  %,  etc.,  be  the  points  on  the 
reaction  polygon  .';  at  the  verticals  through  C,  D',  G',  etc.  Then  is  the 
quantity  in  the  first  parenthesis  the  height  of  ug  above  na.  Let  the 
slope  line  ud  ug  cut  the  vertical  at  C"  in  tc.  The  first  group  term  is  the  dif- 
ference in  height  between  tc  and  iid,  and  the  first  two  terms  taken  to- 
gether are  equal  to  itc  tc,  i.  e,,  the  height  of  tc  above  the  reaction  polygon 
at  the  vertical  through  C",  jjositive  when  tc  is  above  Uc,  and  negative 
when  below. 

The  quantity  in  the  third  i)arenthesis  is  the  height  of  tik  above  vh; 
and  if  the  slojje  line  uh  uk  be  drawn  and  we  mark  the  point  tc  where  it 
cuts  the  vertical  through  C,  then  is  the  third  group  term  the  expression  for 
the  difierence  in  height  between  uh  and  ic ;  and  the  fourth  parenthesis  is 
the  height  of  nc  above  ^lh.  Hence  the  last  two  terms  together  denote  the 
height  He  ic,  negative  in  case  ic  is  above  uc  and  jjositive  in  case  it  is  below. 
Hence,  taken  all  together,  the  last  member  is  the  difference  in  height 
between  ic  and  tc,  i,  e. , 

3r  —  M' 

=  Ic  tc, 

X 

in  which  ic  tc  is  positive  in  case  tc  is  above  ic  but  negative  in  case  it  is 
below  ic. 

Now,  both  M"  and  M'  are  intrinsically  negative,  hence  M'  is  numeri- 
cally greater  than  M'  in  case  ic  tc  is  negative,  i.  e. ,  in  case  tc  falls  below  ic. 

It  will  be  more  convenient  to  stretch  a  thread  so  as  to  form  the  slojie 
line  ic  fig,  and  not  draw  ng  tc  at  all ;  then  in  case  ud  falls  below  ic  ug  we 
have  also  tc  below  ic  and  rice  versa.  Hence,  in  case  ud  falls  below  ic  ug, 
M"  is  numerically  greater  than  M' ;  but  when  it  is  above,  J/'  is  numeri- 
cally the  greater. 

It  will  be  noticed  that  the  bending  moment  and  shear  at  a  point  C  in 
the  end  span  B  i>  depend  in  no  way  upon  any  loading  except  that  stand- 
ing between  C  and  G  in  case  of  a  girder,  and  upon  that  between  H  and  K 
in  addition,  in  case  of  a  single  intersection  truss.     The  constructions 
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■whicli  have  been  given  -will,  therefore,  answer  equally  well  for  any  point 
C  in  the  end  span  E  A,  in  which  the  gi-eatest  moment  and  shear  will 
depend  only  upon  the  loading  between  Cand  F,  or  C  and  F,  and  i7and 
^when  H  G  Klie  in  E  A,  while  the  load  is  still  supposed  to  come  on 
from  G. 

If  the  end  spans  E  A  and  B  D  ox  B  G  and  F  E  are  not  equal  in 
length,  it  will  be  necessary  first  to  put  one  end  of  the  cantilever  toward 
G,  and  then  the  other,  which  is  equivalent  to  supposing  the  train  first  to 
come  on  at  G  and  then  at  F. 

It  wull  also  be  best  to  compare  numerically  the  greatest  value  of  the 
moment  in  each  end  span  when  the  train  comes  on  at  G  with  that  when 
it  comes  on  at  F,  in  order  to  select  the  greater. 

7.  To  discover  the  positions  of  the  train  which  produce  respectively 
the  greatest  and  least  bending  moments,  positive  or  negative,  at  any 
point  G  in  the  middle  span  A  B  oi  the  cantilever  E  B.  By  taking 
moments  about   G  of  the   applied  forces  at  the  left  G,  the  value  of  the 

G 
bending  moment  M  is  found  to  be  M  =  Va  Ca  —  Ve  {ca  -]-  la)  —  ■2'  Wc. 

E 

Now,  substituting  the  values  of  Va  and  Ve,  given  in  Art.  3,  we  have, 

E  G 

2  Wc. 
E 

Now,  let  the  train  move  an   indefinitely  small  distance  S  x  toward  the 
left,  and  we  obtain  by  a  method  similar  to  that  before  employed : 


^b   \jE  'ff  B  i^   F         J         ^'   F 


X 


'       ^    TB  J,   G  J    E      -\     TG  iE~\ 

=  ^\  2  w-~  -^2Tr-4^3  w  -  ^w-  -f-2  w  . 

^^   \_E  ^9   B  ^'^    F      _[     \_E  ^^   F      _\ 


The  second  term  within  the  first  j)arenthesis  of  equation  (9),  is  ex- 
pressed in  Fig.  6  by  via  ta,  and  the  third  term  by  vib  tb  as  appears  from 
similarity  of  triangles,  hence  the  entire  quantity  within  the  ijarenthesis 
expresses  the  height  of  tb  above  ta.  Similarly  the  last  parenthesis  of 
(9)  ex^jresses  the  height  above  ta  of  kc  or  of  7ic  according  as  Wc  (  =  ho 
kc )  stands  at  the  right  or  left  of  G.  In  case  the  slope  line  ia  tb  cuts  Wc 
between  he  and  kc,  the  value  of  31  reaches  a  maximum  at  G,  for  it  causes 
the  last  member  of  (9)  to  change  from  positive  to  negative.  It  will  then 
be  necessary  to  discover  by  trial  which  wheel  weights  on  reaching  G  are 
cut  by  ta  tb,  and  this  will  not  be  a  thing  difficult  to  do  in  a  manner  simi- 
lar to  the  procedure  in  previous  cases. 

The  value  of  J/ may  also  reach  a  maximum  either  when  some  wheel 
enters  B  G  at  G,  or  when  some  wheel  leaves  F  E  at  F.  For  when  a 
wheel  enters  at  G  that  suddenly  increases  the  slope  of  ha  hg  and  so 
decreases  that  of  ta  tb  without  changing  any  other  slope  lines;  and  when 
a  wheel  leaves  F  E  at  F,  that  decreases  the  slope  of  hf  he  and  so  increases 
the  slope  of  both  ia  tb  and  ia  he,  while  no  other  slope  line  is  altered,  but 


o 


1 


CO 
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the  slope  of  ta  he  will  be  increased  mucli  more  than  ta  tb.  Hence  the 
last  member  of  equation  (9)  may  change  from  jjositive  to  negative,  and  so 
make  Ma.  maximum  either  just  as  a  wheel  comes  on  at  G  or  goes  off  at  F. 
The  same  result  follows  from  considering  the  change  in  the  numerical 
value  of  the  terms  which  constitute  the  last  member,  equation  (9). 
Again,  in  order  to  find  a  position  of  the  train  which  will  cause  il/to  reach 
a  minimum  at  C,  it  is  necessary  to  find  when  the  last  member  of  (9) 
changes  sign  from  negative  to  positive.  This  change  can  occur  either 
when  a  wheel  leaves  D  G  and  enters  upon  ED  at  D,  or  when  it  leaves 
£J  D  and  enters  upon  F  E  at  E;  for  these  two  changes  are  exactly  the 
reverse  of  those  two  just  discussed,  and  they  both  of  them  evidently 
tend  to  make  the  last  member  of  equation  (9)  positive.  The  same  re- 
sults appear  fi'om  a  consideration  of  the  changes  in  the  numerical  value 
of  the  terms  constituting  the  last  member  of  equation  (9). 

In  case  the  cantilever  is  a  single  intersection  truss,  and  not  a  solid 
girder  just  as  in  the  case  previously  treated,  those  positions  of  the  train 
which  cause  M,  the  bending  moment  borne  by  the  truss,  to  reach  a  maxi- 
mum or  a  minimum  value  at  a  pin  point  Oof  the  unloaded  chord,  i.  e., 
cause  the  maximum  or  minimum  stress  in  a  bar  H  K  oi  the  loaded 
chord,  are  to  be  found  by  using  the  point  jc  at  the  intersection  of  the 
slope  line  hh  hk  with  the  vertical  at  G  instead  of  the  point  he  in  the 
weight  line.  It  will  be  unnecessary  here  to  draw  the  figure,  which  will 
be  readily  supplied  by  the  reader  who  examines  Fig.  10,  Part  I,  and 
equation  (7)  Part  I;  from  which  it  appears  that  we  can  obtain  the  equa- 
tion needed  to  treat  this  case  by  simply  annexing  to  equation  (9)  Part  II 
the  terms  relating  to  the  panel  H  K,  viz. : 


\_P  H  H        J 


It  then  appears  just  as  shown  in  Part  I,  that  the  point  Jc  may  be 
suddenly  lifted  upwards  either  when  a  wheel  enters  the  panel  H  K  at  K, 
or  when  a  wheel  leaves  it  at  i7in  such  a  manner  as  to  pass  the  point  ie 
situated  upon  ta  t^ .  Hence  the  stress  in  H  K  may  reach  a  maximum 
value  when  some  wheel  stands  at  either  of  the  four  points  H,  K,  F  or  G^ 
and  a  minimum  at  either  of  the  two  points  E  or  B.  WhiQh  wheel  of  the 
train  produces  a  maximum  or  a  minimum  at  G  must  be  discovered  by 
trial  by  methods  of  procedure  like  those  already  employed. 

It  is  to  be  noticed,  however,  in  this  connection,  that  in  order  te 
obtain  the  most  unfavorable  case  on  the  whole,  it  will  be  necessary  to 
consider  the  general  value  of  M  which  precedes  equation  (9).  From 
that  equation  it  is  evident  that  in  order  for  M  to  be  as  great  as  possible, 
there  should  be  no  loading  upon  any  part  of  F  G  except  upon  A  B 
alone,  and  the  train  in  the  most  unfavorable  case  should  approximate 
as  near  this  as  the  actual  construction  of  locomotives  and  tenders  will 
practically  permit.     In  case  it  is  possible  to  have  no  load  except  that 
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uiion  ^l  B,  the  maximum  moment  tine  to  the  moving  load  is  the  same  as 
that  iu  the  8im2)le  span  A  B. 

Again,  in  order  that  the  value  of  M  may  be  the  least  possible  at  any 
point  of  -^1  B  it  appears  from  the  same  e(|uation  that  there  should  be  no 
loading  upon  ^l  B.  The  most  unfavorable  case  possible  will  then  bo 
assumed  by  supi^osing  the  rest  of  F  (r  to  be  covered  by  locomotives 
with  tenders  and  trains. 

In  treating  this  last  combination  of  two  assumed  trains  it  will  be  best 
to  find  the  train  position  for  a  minimum  at  C  due  to  a  train  approaching 
from  G,  wlien  its  first  wheel  is  near  7>,  and  then  a  train  i)osition  for  a 
minimum  at  ('  duo  to  a  train  approaching  from  F  when  its  first  wheel  is 
near  A.  This  combination  will  usually  produce  the  most  unfavorable 
case  of  a  minimum  or  negative  maximum  at  C 

8.  In  order  to  discover  which  of  two  positions  of  the  train  causes  the 
greater  bending  moment  at  any  point  6' of  the  span  ^1  B,  the  following 
comparison  is  given  of  the  two  values  of  M  at  any  distance  x  from 
each  other  along  the  train. 

The  steps  of  the  analysis  are  strictly  analogous  to  those  before 
employed,  and  need  not  be  given  in  quite  such  detail  as  iu  the  previous 
demonstrations.  Emijloying  the  value  of  M,  from  which  equation  (9)  is 
derived,  we  have  : 


M"—M'=  -^      2  +  3  —  :s    \wb''—~ 

'*    [_E'      B'       £•  _\  /'' 

r^i.TG'      G"    D"-\ 

10  Ig  Yjy,         Q,        jj,  J 

,.,  /   rE'    E"     F-\ 

_i^   2+:i^_^   \wf 

-\    2  +  2-2 
\_E'      C<      E'  J 


B' 

2   W{b"—:r) 
E' 


+  ^fir  (/"-..) 


E' 
in  which  equation  cb=  Ca  —  h.     Hence 

M"—M'  Ca 


Wc'+2    W[c"—x) 


X 


Ca  Id 


\_E'  B'  ■'^  E'  -^  J 

i  ir+i  Wf)-—2  w  ^'^"+^g) 

\_B'  G'       '       B'  •'^       J 

I — F"'  F"  ;  F"'  ■>  — i 

ible    \F'  E'  -^  F'  ■''    _J 

—     2  W-\-  2W  —  —2  T^Ka  +  ^g  -\-e  ) 

L^'      c'     X     E'  •*-■  J 
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M'—3f' 


^     2  W+2  Tr4-  —  2  T^  — 
lb    l_E'  B'        •*■  E'         -"^ 

.       /G'  G"  „        i*" 

Ig     \B'  G'         •«         B' 

_  _i£.  (  2  TF- 
4    \i^' 


rf" 


) 


-[ 


;         /^'  E- 


(10) 


It  will  be  unnecessary  to  do  more  than  to  describe  the  figure  which 
expresses  the  relations  in  the  last  member  of  (10),  as  it  can  be  easily 
supplied  by  the  reader.  Let  ti/  Ue,  etc.,  be  the  reaction  polygon  for  the 
span  X.  Now  prolong  the  slope  line  t//  tie  until  it  intersects  the  vertical 
through  A  at  ta.  Likewise  prolong  na  vg  until  it  intersects  the  vertical 
through  B  at  tb.  Let  ic  be  the  point  where  the  line  ta  tt  intersects  the 
vertical  through  C.     Then  is 


M"—3I' 


~  ic  Uc 


in  which  Uc  is  the  jDoint  of  the  reaction  polygon  at  the  vertical  C.  In 
case  Uc  is  above  ic  then  M''<iM',  and  vice  versa. 

In  case  it  is  desired  to  comjiare  the  stresses  in  a  bar  HKoi  the  loaded 
chord  of  single  intersection  truss  cantilever  we  must  merely  employ  the 
point  ji'c  at  the  intersection  of  vh  uk  and  the  vertical  at  C  instead  of  the 
point  icc,  which  statement  aj^pears  sufficiently  evident  from  previous 
similar  discussions. 

9.  The  double  intersection  truss  with  end  supports. 

It  is  usual  to  assume  that  a  truss  of  this  kind  consists  of  two 
components,  each  of  which  is  a  single  intersection  truss,  and  that  these 
two  components  are  superj^osed  upon  each  other  in  such  a  manner  that 
while  they  have  their  chord  members  in  common,  the  web  members  of 
the  two  systems  are  more  or  less  distinct  from  each  other.  The  mutual 
independence  of  the  two  systems  of  web  members  is  usually  such  that  it 
is  regarded  as  sufficiently  accurate  for  practical  purposes  to  assume  that 
any  load  applied  at  a  panel  point  of  one  system  causes  no  stresses  in  the 
web  members  of  the  other  system.  This  assumption  is  taken  as  the  basis 
of  the  following  investigation  which  has  for  its  object  the  establishment 
of  grajihical  or  semi-graphical  methods,  in  connection  with  the  reaction 
polygons  due  to  the  wheel  weights  of  the  train,  for  discovering  the  train 


Fig. 7 
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position  which  causes  the  greatest  stress  in  any  member  of  a  given  double 
intersection  truss. 

10.  To  discover  the  train  position  which  produces  a  maximum  stress 
in  a  given  web  member  of  a  double  intersection  truss  having  inclined 
web  members  as  shown  in  Fig.  7. 

This  maximum  stress  occurs,  as  is  well  known,  coincidently  with  the 
greatest  shear  in  that  panel  of  the  component  truss  in  which  the  web 
member  is  situated,  for  the  shear  is  the  vertical  component  of  the  stress 
in  the  member. 

In  order  then  to  investigate  the  algebraic  condition  for  a  maximum 
value  of  the  shear  in  a  panel  of  a  component  trues,  let  Fig.  7  represent  a 
double  intersection  truss  and  its  components  I  and  II ;  and  let  it  be 
required  to  find  the  condition  for  a  maximum  shear  in  the  panel  H  K 
of  component  I,  i.  e. ,  in  the  two  web  members  of  this  panel. 

Denote  the  pin  load  at  any  panel  point  of  component  I  by  R\  and 
that  at  any  panel  point  of  II  by  R2.  Also  designate  by  P\  the  load  in 
any  panel  just  at  the  left  of  any  one  of  the  panel  points  of  I,  e.  g.,  just 
at  the  left  of  H or  K ;  and  designate  by  Pt.  the  load  in  any  panel  just  at 
the  left  of  either  of  the  panel  points  of  II,  as  shown  in  Fig.  7. 

Then  any  R^,  as  for  example  R^  at  K,  is  due  to  P^  at  its  left  and  P 2 
at  its  right;  while  any  R^,  as  for  example  i^a  at  (7  is  due  to  P^  at  its  left 
and  Pi  at  its  right. 

Then 

-Kl   =   -1^2  C2  —  Pi   cj 

Let  the  panel  points  in  II,  which  are  next  left  and  next  right  of  K 
in  I,  be  denoted  respectively  by  (\  and  Cj,  and  let  Pi  and  P^  be  the 
panel  loads  respectively  at  the  left  and  right  of  Ri  at  K,  while  Ci  and 
Ci  denote  respectively  the  distances  of  the  centers  of  gravity  of  Pj  and 
p. 2  from  Ci  and  C2,  these  distances  being  taken  as  positive  toward 
the  left  and  negative  toward  the  right.  "We  see  that  Ci  in  Fig.  8  is 
negative. 

Now  the  shear  *S'i  in  any  panel  H  K  oil  may  be  written — 

B         h         G 

Si=:s  R,-r  —  2  Ri 

A         '         A 
in  which  equation  bi  denotes  the  distance  of  any  pin  load  -Ri  from  B. 
Substitute  in  this  equation  the  value  of  Ri  just  found,  and  we  find — 

B  h  G 

2?  Si  ^2  {P,c.,  —  PiCi)  -^  —2{P,Co  —  Pi  Gi) 
A  '         A 

Now  let  the  train  move  an  infinitesimal  distance  S  x  toward  the  left. 
In  this  new  position   c^    and  Ci  become  respectively  c^  -\-  S  x    and 
Ci  -)-  5  X,  and  we  find  after  reduction — 
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In  order  to  put  this  last  equation  into  a  form  somewhat  more  sym- 
metrical and  convenient  for  discussion,  multiply  the  last  summation  by 

— — - — -  (  =  1  ),  sejjarate  the  summation  from  A  to  B  into  two  parts,  one 

part  from  A  to  G,  and  the  other  from  G  to  B,  and  then  cancel.  The 
result  may  then  be  put  in  the  form — 

In  which  equation  Oi  is  the  distance  from  A  to  any  R^  and  is  to  be 
taken  with  the  P.^  and  Z-*!  respectively  just  at  the  right  and  left  of  this  i?i, 

while  bi  is  the  similar  distance  from  B  ;  conseqiaently  — ^  is  an  integer 

as  is  — -.     Every  Oi  iu  (11)  is  negative  and  every  h^  is  positive. 
For  brevity  write  equation  (11)  thus: 

44^=-^-'--«') <"■> 

in  which  —  -4i  is  one-half  the  summation  from  A  to  C,  and  Bi  is  one- 
half  that  from  G  to  B. 

Now,  in  order  to  see  how  Si  may  reach  a  maximum  it  is  necessary  to 
trace  the  variations  in  the  value  of  the  last  member  of  (11)  and  discover 
under  what  circumstances  it  changes  from  positive  to  negative.  It  is  so 
easy  to  get  a  clear  idea  of  the  numerical  changes  in  the  value  of  (11)  in 
the  simple  case  of  a  uniform  train  of  unlimited  length  coming  on  at  B, 
and  this  case  enables  us  to  gain  such  an  insight  into  the  usual  cases  of 
unequal  loading,  that  we  shall  consider  that  sj^ecial  case  first. 

For  brevity,  designate  the  first  pin  point  of  the  loaded  chord  in  I  at 
the  left  of  B  as  joint  1;  the  next  pin  point  of  I  as  joint  2,  etc. 

Now  as  the  head  of  a  uniform  train  moves  from  B  toward  joint  1, 
that  panel  load  of  equation  (11)  which  first  comes  into  existence  is  the 
/*,  next  at  the  right  of  joint  1.  This  furnishes  a  positive  term  in  i?i,  so 
that  S  Si  is  necessarily  jjositive  until  the  head  of  the  train  reaches  joint 
1.  As  the  head  of  the  train  moves  on  toward  the  left  of  joint  1,  the 
next  panel  weight  Pi  comes  into  existence,  and  by  the  time  this  whole 
panel  is  covered  by  the  train  the  quantity  Po  —  ^i  ^or  joint  1  vanishes 
and  S  Si  =  0.  Up  to  this  point  S  Si  has  not  at  any  instant  been 
negative,  and  so  the  condition  for  a  maximum  value  of  Si  has  not  been 
satisfied. 

If  now  the  train  continues  to  move  toward  the  left,  it  is  evident 
that  a  series  of  statements  can  be  shown  to  be  true   respecting  joint  2 
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jirecisely  like  those  already  shown  to  hold  respecting  joint  1  ;  and  that 
meanwhile  that  part  of  Bi  due  to  joint  1  is  zero  and  remains  zero  during 
all  the  subsequent  motion. 

When  the  two  panels  about  joint  2  are  both  covered,  then  P.,  — P^ 
becomes  zero  for  this  joint  also,  and  remains  so.  This  state  of  affairs 
continually  repeats  itself  at  the  head  of  the  uniform  train  until  it  reaches 
C,  i.  e.,  the  value  of  5  Si  has  at  no  time  been  negative.  Hence  Si  has 
in  general  been  increasing  as  the  head  of  the  train  i^rogressed  toward  C, 
though  the  rate  of  increase  has  not  been  uniform.  When  now  the  head 
of  the  train  arives  at  C,  S  Si  vanishes,  but  as  soon  as  it  has  passed 
beyond  (7  towards  J^,  then  a  term  of  the  type  P,  iii  -4i  first  comes  into 
existence,  and  d  Si  then  becomes  negative  for  the  first  time. 

The  condition  for  a  maximum  value  of  Si  is  thus  fulfilled  when  the 
head  of  the  uniform  train  reaches  G,  and  it  is  not  fulfilled  again,  as  S  Si 
does  not  again  become  positive. 

To  return  now  to  the  more  general  case  where  a  train  of  unequal 
wheel  weights  enter  upon  the  span  at  B,  we  see  that  the  first  Pz  comes 
into  existence  as  the  head  of  the  train  approaches  joint  1,  and  the  first 
Pi  makes  its  apjjearance  when  the  head  of  the  train  has  passed  joint  1. 
In  case  Pg  —  Pi  for  joint  1  becomes  negative  before  there  is  any  pinload 
on  joint  2,  the  condition  for  a  maximum  value  of  Si  is  then  fulfilled, 
but  the  maximum  so  reached  is  not  in  general  so  great  as  that  reached 
when  the  head  of  the  train  is  near  G.  For  it  is  evident,  as  the  train  pro- 
ceeds toward  the  left  and  the  Pn  for  joint  2  comes  into  existence,  that 
we  soon  have  S  Si  ^  0  for  two  reasons;  first,  because  the  P.^  at  joint 
2  must  in  general  exceed  Pa  —  Pi  at  joint  1;  and  secondly,  the  b^  of 
joint  2  is  greater  than  the  &i  of  joint  1. 

It  is  likewise  seen  that  as  the  head  of  the  train  progresses  towards  G 
the  value  of  d  Si  can  be  negative  only  occasionally  and  for  short  inter- 
vals, so  that  the  sign  of  S  Si  is  controlled  and  kept  positive  most  of  the 
time,  just  as  in  case  of  a  uniform  train,  by  the  relatively  large  value  of 
Pz  bi  in  the  panel  near  the  head  of  the  train.  This  insures  that  Si  shall, 
with  insignificant  exceptions,  be  continually  increasing  as  the  train  pro- 
gresses until  TFi,  the  head  of  the  train,  is  in  the  neighborhood  of  G. 
Consequently  the  greatest  value  of  Si  occurs  when  TFi  is  not  far  from  G, 
a  result  in  accordance  with  what  is  well  known  to  be  the  case  for  the 
simple  girder  and  for  the  single  intersection  truss. 

When  any  wheel,  as  for  example  Wi,  stands  at  C,  it  evidently  tends 
to  make  the  last  member  of  (11)  negative,  for  in  case  it  is  regarded  as 
infinitesimally  distant  and  toward  the  right  of  G,  it  is  then  part  of  the 
Pi  at  K,  and  so  enters  the  second  summation  of  (11)  as  a  negative 
quantity  ;  but  in  case  it  is  regarded  as  standing  just  at  the  left  of  G,  it 
forms  part  of  the  P...  at  H,  and  consequently  enters  the  first  summation 
of  (11)  as  positive,  with  a  negative  multiplier  Gi.  Whether  any  wheel, 
as  Wi,  has  a  greater  influence  to  render  (11)  negative,  and  so  produce  a 
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maximum  of  Si  by  standing  just  at  the  right  or  at  the  left  of  C,  depends 
u])ou  the  relative  magnitude  of  its  hi  and  its  rii  in  these  positions  ;  /.  c. , 
in  case  A  H<i  KB,  or  what  is  the  same  thing,  in  case  A  C<C  G  B,  then 
any  wheel  has  more  influence  to  render  (11)  negative  by  standing  at  the 
rip:ht  of  r'than  at  the  left.  But  when  A  C>  C B  tlie  wheel  has  more 
influence  standing  at  the  left  of  C.  Hence  it  follows  that  a  maximum 
shear  may  be  caused  in  any  i^anel  H  K  in  the  right  half  of  the  8i)an  by 
the  passage  of  Wi ,  or  some  other  wheel  over  the  panel  point  C  of  com- 
ponent II,  intermediate  between  /f  and  K,  but  the  maximum  shear  can- 
not be  so  caused  in  uny  panel  of  the  loft  half  of  the  span. 

Hence  Avhen  there  are  counterbraces  they  can  reach  their  greatest 
stress  in  this  manner  only,  though  they  may  not  reach  it  in  this  manner, 
but  instead,  at  the  instant  some  wheel  passes  K  or  some  other  panel 
point  of  component  I,  between  G  and  B,  as  will  be  made  to  appear 
later. 

Since  TF,  cannot  be  very  distant  from  Cwben  *S'i  reaches  its  greatest 
value,  suijpose  the  train  to  occuj^y  initially  a  position  such  that  W^  is 
just  at  the  right  of  C. 

We  shall  now  proceed  to  find  out  whether  the  last  member  of  (11)  is 
positive  or  negative. 

Equation  (11)  is  of  a  form  which  admits  of  ready  c  mputation, 
especially  since  the  value  of  i  [P^  —  P^)  can  be  obtained  for  each  R^ 
by  inspection  from  the  diagram  of  the  weijiht  line  as  shown  in  Fig.  8, 
thus  :  Miuk  the  panel  jioiuts  of  the  truss  upon  the  edge  of  a  strip  of 
I)aper  and  place  it  horizontally  upon  the  diagram  of  the  weight  line  in 
such  a  position  that  (7  will  lie  in  the  vertical  at  TFj.  Let/iTin  Fig.  8 
be  any  panel  point  of  component  I,  and  let  Gi  and  C,  be  adjacent  panel 
points  of  the  same  chord  in  component  11. 

Then  is  Pi  the  height  of  h  above  h^  and  P.,  that  of  lu  above  h.  Also 
P2  +  Pi  is  the  height  of  li.y  above  h^  and  J  (Po  +  Pj  that  of  i  above 
h  ;  hence  hi  =  \  [P^  -\-  PJ  —  Pi  =  ^  (Pg  —  Pi),  which  quantity  is 
positive  in  case  i  is  above  h,  but  negative  in  case  /  is  below  h.  The 
value  of  J  (Po  —  Pi)  at  each  panel  jjoint  of  component  I  can  thus  be 
read  oft"  by  sca^.e  on  the  weight  diagram  without  defacing  it  in  any  way. 
Take  the  numerical  value  of  i  (P2  —  PJ  thus  obtained  at  each  panel 
point  of  I,  mu'tiply  it  by  b^  -r- p,  the  integer  exi^ressing  the  nuuiber 
of  panels  the  point  is  from  B,  and  finally  take  the  algebraic  sum  of  these 
products  from  G  to  B. 

It  will  usually  be  possible  to  discover  whether  the  last  member  of  (11) 
is  positive  by  taking  the  terms  at  only  one  or  two  of  the  panel  points 
near  the  head  of  the  train.  The  result  of  this  brief  numerical  compu- 
tation of  (11)  will  show  whether  S  S'l  is  positive  or  negative  when  TFi 
is  just  at  the  right  of  C 

Let  us  discuss  the  two  cases  in  which,  first,  (11)  is  positive,  and, 
secondly,  negative  with  Tl'i  jiist  at   the  right  of  G.     First,  in  case  (11) 
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is  positive  and  Cis  in  the  right  half  of  the  span,  (11)  may  become  nega- 
tive and  make  »S'i  a  maximum,  and  is  likely  to  do  so  when  IT,  passes  C. 
The  only  nnmorical  changes  in  (11)  which  will  in  general  occur  as 

ir,  passes  from  a  position  just  at  the  right  to  one  just  at  the  left  of 
i\  is  to  increase  7^,  by    the   quantity  11',.  KB  and  decrease  — v1 ,  by 

ITi.  A  II,  or  on  the  whole  decrease  (11)  by 

i-  ir,  (.1 H- KB)  =  -L  Tr»  {Ac-CB)  =  -^  n\  (2  ca  - 1). 

If  the  subtraction  of  this  (luautity  renders  (11)  negative,  then  Tf',  at  G 
makes  Si  a  maximum  and  in  all  ordinary  cases  this  is  the  greatest  maxi- 
mum. If,  however,  the  subtraction  of  this  (|uantity  does  not  render 
(11)  negative,  the  train  must  be  moved  still  further  toward  the  left. 
During  this  motion  the  first  change  that  can  occur  having  a  tendency  to 
make  (11)  negative  will  take  jdace  as  soon  as  either  one  of  the  j^anel 
points  K,  etc.,  of  component  I  in  the  segment  C  B,  or  the  point  (7 is 
next  passed  by  any  wheel.  The  next  wheel  that  can  jmss  Cis  TFj,,  so 
that  one  or  other  of  the  points  A",  etc.,  between  C'and  B  will  in  general 
be  passed  by  some  wheel  before  W.^  reaches  C.  It  is  to  be  noticed  at 
the  same  time  that  the  change  in  the  value  of  (11)  caused  by  any  wheel 
in  passing  a  panel  point  of  comjjouent  II  between  C  and  B  does  not 
tend  to  make  (11)  negative  but  positive. 

If  in  moving  the  train  from  its  j^osition  with  Tl'i  just  at  the  left  of  C 
until  some  wheel,  as  TFfi,  passes  some  point  of  comiwnent  I  between  G 
and  B,  as  Kn,  no  wheel  has  meanwhile  passed  any  jjoint  of  component 
II,  then  the  value  of  (11)  will  be  unchanged  until  Tin  passes  Kn. 

Whether  (11)  is  unchanged  or  not,  it  will  be  possible  to  obtain  the 
quantity  to  be  subtra -ted  from  (11)  when  Tl  n  passes  Kn  as  follows.  At 
Kn  the  Pi  will  be  increased  l)y  Wn,  and  the  P2  decreased  by  Tl'n,  con- 
sequently -—  (P3  —  Pi)  will,  on  the  whole,  be  decreased  by  Tin  and 

the  quantity  to  be  subtracted  from  (11)  isTFn  — -,  in  which  exjiression 

by,  =  Kn  B,  the  distance  from  the  point  Kn,  passed  by  the  whee\  to  B. 

If  the  decrease  of  (11)  by  the  (quantity  Tin  — -  changes  the  sign  of  (11), 

then  Si  reaches  a  maximum,  and  in  general  its  greatest  maximum  with 
Wn  at  Kn.  If,  however,  (11)  does  not  become  negative  by  this  de- 
crease, the  train  must  be  still  further  moved  toward  the  left  until  some 
wheel  jmsses  a  joint  of  component  I  which  changes  the  sign  of  (11),  or 
until  some  wheel  passing  ('makes  (11)  negative.  When  joint  Cis  in 
the  left  half  of  the  span  the  discussion  ditl'ers  from  that  just  given  for 
the  right  half  only  in  this,  that  the  possibility  of  a  maximum  when 
some  wheel  passes  C  is  shut  out,  as  was  shown  previously. 

Secondly,  in  case  (11)  is  negative  when  ll'i  stands   just  at  the  right 
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of  G,  then  (11)  must  have  become  negative  before  the  train  reached  this 
position,  -which  could  have  occurred  only  as  some  wheel  Wn  passed 
same  joint  7inof  component  I  very  shortly  before  TFi  reached  G.  Move 
the  train  backward  until  it  first  occurs  that  a  wheel  passes  a  joint  of 
component  I.     Call  the  joint  ^n  and  the  wheel  weight  Wn,  and  see 

whether  the  decrement  Wn  —  due  to  the  passage  of  Wn  across  Kn  from 

right  to  left  has  been  the  cause  of  the  negative  value  of  (11).  If  the 
wheel  Wn  is  one  near  the  head  of  the  train,  it  is  in  general  the  one 
which  has  rendered  (11)  negative;  but  if  the  wheel  is  one  passing  a  joint 
near  B,  it  is  not  so  likely  to  be  the  one  which  has  rendered  (11)  negative. 
By  continuing  the  examination,  the  wheel  will  soon  be  discovered 
which  has  rendered  (11)  negative.  It  is  taken  for  granted  in  this  discus- 
sion that  the  head  of  the  train  will  not  arrive  at  the  joint  of  component 
II  next  left  of  H  before  the  greatest  value  of  S^  has  been  reached.  If 
in  any  exceptional  case  Wx  should  arrive  at  the  joint  next  to  the  left  of 
H  before  Si  reaches  a  maximum,  it  might  then  produce  a  maximum  of 
S-i  by  .passing  that  joint,  for  it  would  increase  P2  and  decrease  Py  at 
that  joint  and  so  tend  to  make  (11)  negative. 

Fixrthermore,  in  considering  the  position  of  TFi  with  respect  to  C, 
it  will  be  noticed  that  in  case  the  joint  G  is  one  situated  near  B,  it  is 
impossible  for  TFi  to  pass  G  withoi;t  making  (11)  negative,  though  it 
may  do  so  in  case  Cis  a  joint  situated  near  A.  Besides  this,  it  aj^pears 
that  the  value  of  the  quantity  {P2  —  -Pi)  at  a  joint  7t  near  the  head  of 
the  train,  has  a  more  decisive  effect  in  controlling  the  sign  of  5  S^  when 
C  is  near  B  than  when  G  is  near  A,  and  this  alteration  goes  on  from  joint 
to  joint  as  we  proceed  from  B  to  A.  The  total  effect  of  this  is  to  allow 
the  head  of  the  train  to  stand  a  little  further  to  the  left  with  respect  to 
G,  the  further  G  is  toward  the  left.  This  agrees  with  the  result  already 
found  to  hold  for  the  simple  girder,  and  for  the  single  intersection  truss, 
in  both  of  which  the  train  advances  with  respect  to  the  cross  section,  at 
which  the  maximum  shear  occurs  as  the  cross  section  advances  from  B 
toward  A.  The  advance  here  spoken  of  takes  place  in  each  case  by 
jumps  from  wheel  to  wheel;  but  in  the  double  intersection  truss,  as  just 
shown,  the  law  is  more  complicated  than  in  the  other  two  cases,  as  the 
maximum  shear  depends  upon  other  wheels  besides  the  first  one  or  two 
at  the  head  of  the  train.  This  prevents  our  finding  the  segment  in 
which  the  greatest  shear  is  dominated  by  any  particular  wheel,  though 
it  might  be  possible  to  determine  this  approximately.  Such  a  determi- 
nation seems,  however,  to  be  nearly  useless  in  view  of  what  has  been 
just  stated  as  to  the  continued  advance  of  the  train  with  respect  to  G. 
For  when  the  train  pc^sition  has  been  found  which  makes  the  shear  a 
maximum  at  joint  1,  then  the  maximum  shear  at  joint  2  is  due  either  to 
a  train  position  which  is  the  same  relatively  to  joint  2,  or  to  a  ijosition 
slightly  in  advance  of  this;  and  so  on  for  joint  3,  etc.  It  is  to  be  specially 
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noticed  that  the  investigation  whiih  has  l;een  made  of  the  train  position 
for  maximum  shear  iu  the  web  luombers  of  any  panel  has  been  entirely 
iuilependeut  of  any  assumption  as  to  pattern  of  the  truss,  except  that 
it  consists  of  two  simi)le  trusses  superposed  in  such  a  manner  that  the 
equidistant  jo  nts  belong  alternately  to  each  of  the  components.  This 
has  important  eonsciiuenc-es,  viz.:  the  investigation  not  only  ajiplies  to 
the  form  of  truss  sliown  in  Fig.  7,  but  to  any  modificatiou.s  of  it,  obtained 
by  changing  the  inclination  of  any  or  all  of  the  web  members.  For 
♦example,  it  applies  to  the  case  whore  the  end  posts  are  inclined,  accord- 
ing to  the  usual  design  as  shown  iu  the  dotted  lines.  Fig.  7.  Again, 
the  ordinary  double  intersection  Whipple  Truss  with  inclined  end  posts 
and  vertical  intermediate  p  sts,  is  also  included  in  our  investigation, 
pi'ovided  we  may  assume  the  vertical  tie  at  the  first  panel  point  to 
belong  exclusively  to  one  component,  as  we  are  entitled  to  do  without 
appreciable  error,  and  we  also  make  the  like  assumption  respecting  the 
vertical  tie  at  the  last  panel  i)oint. 

Likewise  the  Post  Truss,  or  any  other  form  of  single  intersection  truss 
is  also  included  in  eipiation  (11).  The  only  point  to  be  considered  is 
whether  the  maximiim  shear,  as  thus  determined,  is  to  be  sustained  by 
priucii)al  web  members  or  by  counters;  the  latter  is  the  case  when  the 
shear  in  one  half  of  the  span  is  of  the  same  sign  as  that  in  the  end  post 
of  the  other  half  span. 

11.  The  train  position  which  produces  a  maximum  stress  in  the  web 
members  of  a  multiple  intersection  truss  may  also  be  discovered  by 
equation  (11). 

This  is  evident  when  we  notice  that  (11)  was  derived  by  taking  into 
account  only  those  pin  loads  designated  as  Ri  which  are  sujjported  by 
component  I,  and  it  is  of  no  consetpience  how  many  other  components 
there  may  be  in  the  comjilete  truss,  as  (11)  is  independent  of  all  of 
them. 

Hence  in  applying  eiiuation  (11)  to  discover  the  position  of  the  train 
for  a  maximum  value  of  Si  in  a  multiple  intersection  truss  it  will  be 
necessary  to  take  the  value  of  (  P-2  —  Pi  )  at  each  i^auel  point  only  of  the 
comi^ouent  whose  web  member  we  are  considering,  and  eflfect  the  sum- 
mations expressed  in  equation  (11)  for  that  component  alone.  In  the 
multijjle  truss  there  will  be  several  panel  points  of  other  comjjonents 
intermediate  between  successive  panel  points,  as  H  and  K,  of  the 
« omponent  under  consideration  ;  but  in  taking  the  summations  iu 
equation  (11)  it  will  make  no  ditiference  which  of  the  intermediate  points 
be  X'egarded  as  C. 

Suppose,  for  example,  that  the  intermediate  panel  point  nearest  H  is 
denoted  by  Ci,  and  that  nearest  A'  by  C-i,  then  the  first  summation  of 
equation  (11)  may  conveniently  be  taken  from  -4  to  Ci  and  the  second 
from  Ci  to  B. 

If  the  panel  points  of  the  truss  be  marked  upon  the  e.lge  of  a  strip  of 
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paper  the  computation  of  eqiiation  (11)  can  be  made  as  before,  but  with 
this  difference,  that  while  in  a  double  intersection  truss  all  the  wheel 
weights  upon  the  truss  enter  either  one  or  other  of  the  summations,  in 
any  other  multiple  intersection  truss  only  those  wheel  weights  are  in- 
cluded in  the  summations  which  stand  in  the  panels  adjacent  to  the  panel 
points  of  the  component  under  consideration.  The  Avheel  weights  upon 
other  panels  than  these  have  no  influence  upon  the  value  of  S,,. 

The  circumstances  under  which  the  last  member  of  (11)  may  change 
sign  from  positive  to  negative,  and  so  cause  a  maximum  value  of  ^S*!,  are 
these:    Some  wheel,  as  TFn,  may  pass  one  of  the  panel  points  of  com- 

l^onent  I  between  Cg  and  B,  and  so  decrease  (11)  by  TTn  — — ,  or,  some 
wheel  Wn  may  enter  upon  or  leave  some  panel  included  in  the  sum- 
mation between  A  and  Ci,  and  so  decrease  (11)  by  Wn  — ■ 

It  will  be  noticed  when  any  wheel  enters  upon  or  leaves  any  panel 
included  in  the  summation  between  €«  and  B  that  it  tends  to  make  (11) 
jDositive  ;  and  when  any  wheel  passes  a  ^Danel  point  of  I  between  ^4  and 
Ci  it  has  a  like  tendency. 

The  greatest  value  of  ^S*!  will  be  found  when  the  head  of  the  train  is 
at  or  near  Ci,  and  its  precise  2JOsition  can  be  discovered  by  a  method  like 
that  previously  explained  as  ai)plicable  to  the  double  intersection  truss. 
It  will  only  lie  necessary  to  designate  each  component  as  it  successively 
comes  under  consideration  as  component  I. 

Kemarks  like  ihose  made  at  the  end  of  the  previous  article  are  also 
true  for  the  multiple  intersection  truss,  viz. :  the  pattern  of  the  truss  is 
of  no  account,  jarovided  we  may  assume  with  sufficient  correctness  that 
the  pin  loads  of  one  component  are  not  transmitted  to  the  piers  through 
the  web  members  of  the  other  components. 

12.  To  discover  the  train  loosition  which  produces  a  maximum  shear- 
ing stress  in  a  web  member  of  a  double  intersection  truss  with  inter- 
mediate supports  0  1,  0  J,  etc..  Fig.  9. 

The  double  intersection  truss  with  intermediate  supports,  as  shown 
in  Fig.  9,  is  a  design  so  commonly  employed  and  so  economical  of 
material,  that  we  proceed  to  investigate  the  'train  positions  for  maxi- 
mum stresses  in  the  web  members  by  a  method  similar  to  that  just 
employed  for  the  double  intersection  truss. 

As  this  is  a  modification  of  the  double  intersection  truss  previously 
treated,  let  the  notation  previously  employed  be  retained  with  certain 
slight  modifications  and  additions. 

Designate  the  loads  at  the  pin  points  H,  K,  etc.,  of  component  I  by 
Rt,',  those  at  G,  etc.,  of  II  by  RJ  and  those  at  the  intermediate  pin 
points  next  at  the  left  of  each  R^'  (as  at  Q,  etc.)  by  Ro',  but  those  next 
left  of  each  R^'  (as  at  0,  etc.)  by  Ro" .  Furthermore,  let  the  panel  load 
P2  upon  H  C  consist  of  two  parts,  F2"  upon  H  0  and  P«'  upon  0  G; 
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and  similarly  for  P^  upon  C  K,  so  that  Po  =  P2"  +  P2 '  and  Pj  =  Pj " 
-f  Pi '.  Moreover,  let  the  load  upon  0  (>  be  Pc  =  P2'  +  Pi",  then  is 
Pc  the  load  in  the  two  half  panels  about  any  point  C  of  II,  and  simi- 
larly let  P^■  z=  Pj^'  -(-  p./'  be  the  load  in  the  two  half  panels  about  any 
jjanel  point  Hov  K  of  I. 

Then,  by  our  jjrevious  notation  for  distances,  taken  as  positive 
toward  the  left,  and  by  taking  H  C  =  p  =^  G  K  and  0  C  =  i  i:>  =  C  0, 
etc.,  we  liave  the  equations, 

kpRo  =P^'  c  —  P^"  h 
ipEo'^Pi'  k~P^"  c 
ipRr'^P,"  o~-P,q 
ip  R.,'  =  P,"  q  —  PJ  o 

1°  The  shear  in  the  web  members  of  component  I  at  any  j)oint 
between  0  and  Q  may  evidently  be  written  in  the  form 

a 

S,  =  V,—2[R,'-\-  i(Po'  +  i?o")], 

for  Ri'  is  entirely  supported  by  I,  and  by  reason  of  the  symmetry  of 
the  web  members  at  /and  J,  each  intermediate  pin  load  Ro'  and  Ro"  is 
supported  half  hy  component  I  and  half  liy  II. 

By  taking  moments  about  B  we  find  the  load  upon  comiionent  I 
causes  a  reaction  at  ^4  to  the  amount 

1  ^ 

'  A 

Substitute  this  value  of  V^  in  the  previous  equation  and  we  have 

1    ^ 

2  S,  =  J_^[(2P/  +  Po'  +  i?o")ix  +i  (Ro'  —  Rolp] 
'-    A 

G 

-2[2Pi'+P/  4--B0"]. 
A 

In  this  equation  introduce  the  values  of  the  various  pin-loads  jKi', 
-Ru',  Ri ,  previously  given,  and  then  let  the  train  move  a  small  distance 
<5  X  toward  the  left. 

We  then  finally  obtain  the  equation  : 

<f  (^  1    P  G 

P  ^£^-=  -r  ^  liP^  -  P^)  b,  +  HP!c-Pc)  p]-2  {P,  -  P,), 

ox  I      J^  j^ 

or, 
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By  comparing  this  equation  with  o  piation  (11),  it  appears  that  it 
(litVers  from  (11)  only  by  the  addition  of  a  final  term  Avhich  will,  iinder 
all  ordinary  circumstances,  bo  small.  The  presence  of  this  term  in  (12) 
makes  it  possible,  however,  that  the  maximum  value  of  S\  may  occur  as 
some  wheel  passes  any  one  of  the  points  Q,  but  not  as  it  passes  any  of 
the  points  0.  Si  may  also  be  a  maximum  in  (12)  under  all  the  same 
circumstances  as  S^  in  eifuation  (11),  which  need  not  be  here  repeated. 

2°.  To  find  the  value  of  .S',  between  Q  and  K,  i.  e.,  in  J  K,  it  is  neces- 
sary to  subtract  the  (juantity  \  E^ '  at  Q  from  the  value  of  N'l  already 
found  between  0  and  Q. 

Hence  we  must  sul)tract  from  (12)  the  (jiaantity 

O.C  (' 

This  term  of  correction,  whose  value  may  be  large,  when  appended 
to  equation  (12)  makes  it  evident  that  the  maximum  value  of  <S'i  in  J  K 
may  occur  just  as  some  wheel  passes  A". 

3\  Similarly  to  find  the  value  of  S\  between  IT  and  0,  i.  e.,  in  HI, 
it  is  evidently  necessary  to  add  the  ([uantity  i  li^)"  at  0  to  the  value  of 
•S'l  already  found  betAveen  0  and  Q.  Hen.-e  we  must  add  to  (12)  the 
correction 

dx  H 

which  makes  it  evident  that  the  maximum  value  of  *S'i  in  H I  maj  occur 
just  as  some  wheel  i)asses  0. 

13.  To  discover  the  train  position  which  produces  the  greatest  stress 
in  any  member  of  the  loaded  chord  of  a  double  intersection  truss  with 
parallel  chords,  as  in  the  bar  C  K,  Fig.  7. 

Let  the  notation  be  like  that  employed  in  connection  with  Fig.  7, 
viz. : 

i?i  =  the  load  at  any  pin  jioint  of  I, 
i?2  =  the  load  at  any  pin  point  of  II, 
I  =  length  of  si^an  ;  h  =  depth  of  truss, 
c'  =  the  distance  of  any  7*i  from  C, 
k'  =  the  distance  of  any  It.,  from  K', 
these  distances  being  both  taken  as  positive  toward  the  left, 

Ca'  =  C  A,     ka'  =Ca'  -\-p  =  K'  A. 

7*1  =  tension  in  chord  member  of  I  opposite  the  joint  C". 

To  =  tension  in  chord  member  of  II  opposite  the  joint  K'. 

T=  Ti  +  T-.  =  total  tension  in  C  K. 

Take  moments  about  C"  of  all  the  forces  acting  on  component  I  at 

the  left  of  C,  and  we  have 

C 

h  T,  =  V,  Ca'  —  2R^c' 
A 


344  EDDY    ON    CONCENTRATED    LOADS    IN    BRIDGES. 

Similarly  take  moments  about  K'  of  all  forces  acting  on  component  II, 
and  we  have 

K' 

h  To  =  V^  ka'  —  2    7?2  k' 

A 

in  whicli  equations  tlie  reactions  at  A  of  components  I  and  II  are 
respectively 

1    ^  1     J5 

^    ^  ^      A 

bi  and  &2  being  distances  of  Ri  and  i?o  respectively  from  B.  Add  tlie 
two  equations  of  moments  just  given,  replace  T^  +  T2,  Fj  and  F2  by 
tlieir  values  already  given,  and  finally  substitute  for  Ei  and  Bo  their 
values  from  the  equations 

P  Bi    =   P2    C2    -Pi    Co,         P   i?2    =  Pi    ^1    P2    ^2' 

The  value  of  B^  has  already  been  obtained  in  connection  with  Fig.  8. 
The  value  of  B^  is  derived  in  a  similar  manner,  as  will  be  evident  when 
•we  notice  in  Fig.  8  that  the  panel  loads  about  K  in  component  I  follow 
each  other  from  left  to  right  in  the  order  Pi  Po,  so  that  the  value  of 
Bi  is  obtained  from  consideration  of  three  consecutive  panel  points  in 
the  order  Gi  K  G2,  while  the  panel  loads  about  any  panel  point,  Oin 
component  II  follow  in  the  reverse  order  P^  Pi',  hence  the  value  of  B2 
is  obtained  from  the  consideration  of  three  consecutive  panel  points  in 
the  order  H  C  K;  or,  taking  a  more  systematic  notation,  we  may  use 
instead  the  letters  Ko  G  K^.  The  equation  finally  obtained  may  be 
written  in  the  form 

phT^-^    2{PoC,  —  P,c,)b,-^  2  {Po  I;  -  Pi  k,)  b, 
^      A  ''A 

G'  K' 

—  2  (P,  C2  —  Pi  Ci)  c'  +  2     (P2  A.-2  —  Pi  ^•l)  k'. 
A  A 

I 
Now  let  the  train  move  a  small  distance  5  x  toward  the  left,  then 

will  each  of  the  distances  Ci,  Co,  ko,  ko  be  increased  by  d  x. 

Let  7"  be  changed  by  this  movement  to  T  -{-  S  T;  we  then  obtain  by 
subtraction  and  division, 

ph  |-^=^2(Po— PO&i  — —  2(P,  -P,)bo_-2(Po,-P,)c' 
S  X         I   j^  I    ^  A 

K' 

+  2  (P,  —  PO  k'. 

A 
In  order  to  trace  changes  in  the  sign  C»f  this  equation  more  readily,  let 
us  make  certain  transformations. 
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Since  h^  refers  to  i?i  and  not  to  ii._,,  it  is  evident  that  the  5,  of  any 
7*1  extemls  from  7>  to  the  right  hand  extremity  of  the  i)auel  in  which 
this  Pi  stands;  but,  since  />3  refers  to  li-,  only,  the  h.^  of  any  P,  extends 
from  B  to  the  left  extremity  of  the  panel  in  which  J'l  is,  and  rice  versa, 
for  the  bi  and  A.,  of  any  7-*2- 

Hence      for  any  Pi  we  have  Ao  —  b^  =  p, 

but             "  "  J\.    "       "  h,  —/>.,  =p. 

Similarly   "  "  I\    "       "  /'  —  c'  =2j>, 

but             "  "  ]\   "       "  /«-■'  —  '■•'  =0. 

Use  these  equations  to  eliminate  io  and  c',  and  put  Ca'  =^  ^  a'  — ^?. 
The  result  may  be  written  thus: 

p  h^  =  i^-ni-'^  (/>,  -  p,)  b,-J^:s[P,  (ii  -p) 

C 
-  ^1  (^  +  /')]  -  ^  [f'2  Z^'  -  Pi  UC  -2p)] 

C  K' 

+  2  [P,  -  Pi)  k'  +  2  (P,  -  Pi)  k', 
A  C 

in  wliieh  the  last  two  summations  take  the  place  of  the  last  one  in  the 
previous  equation  by  help  of  the  identity,  A  K'  =  A  C  -{-  C  K'.  Can- 
cel and  divide  by  ]'>■ 

.-.  h  ^^-^:2  [P,  +  p,)  -  2  {P,  - P,)  ^-2  2  Pi 

K'  7., 

+  2  (P,  -Pi)-. 
C"  7^ 

But  we  have  identically 

C  .,  X         r"  C 

2{P,—Pi)^'       ^''^  —  :s(P,  +  Pi)  =-2  2  P,, 
.1       .  ^  ^  A 

by  help  of  which  our  equation  is  reduced  to  the  form 

h  --i=_^2(P,  +  Pi)-:S(P,  4.P0+2(P...  -  Pi) 


-  3  (P,  -  PO  -'''  -  3  (P,  -  Pi)  -^ (13) 

.    ^  '        c  ' 

This  is  a  general  eijuation  for  a  member  of  the  loaded  chord,  and 
applies  to  a  double  intersection  truss  of  any  pattern.  Let  us  first  apply 
it  to  the  truss  shown  in  Fig.  7.  In  this  case  we  may  omit  all  primes, 
for  k  =  k',  etc.,  and  Cand  C  are  on  the  same  vertical,  etc., 


346  EDDY   ON   CONCENTRATED    LOADS    IN    BRIDGES. 

Since  P.^  =  0  between  C"  and  K',  we  also  have  in  this  case, 
K'  7.,  K 

2  {p,  —  p,)  ^  =  —  :sp, 

G  PC 

The  result  after  reduction  may  be  written  in  the  form-^ 

ST         l-a^  ^^  ,       ^  a, 

^  S-x    =--r^  (^2  +  Pi)  -2  {P,+  P,)-2[P,-P,)^ 

^  b 

-  2  {P,-P,)  -p. 

c  '■ 


or  more  briefly- 


,5  7'  r  L         Ka+  G^~\ 


in  which  equation  as  before — 

L    =  the  total  load  on  the  span  A  B. 
Ka=        "         "         "        segment  7f  A 
Also, 

C,^2{P,-P,)^  +2iP,-P,)-^^= 1  {A,-B,), 

A  ^  G  II 

in  which  A-^  and  B^,  have  the  values  ascribed  to  them  in  Article  10,. 
which  are  in  general  numerically  small  and  separately  vanish  when  tbe 
load  is  uniformly  distributed.  "We  may  then  regard  G^  as  a  small  cor- 
rection to  be  applied  to  Ka,  and  if  it  be  disregarded  for  the  moment, 
equation  (13i)  would  evidently  give  a  train  position  identical  with  that 
before  found  to  produce  a  maximum  bending  moment  at  K'yq.  a  simple 
girder  J.  J5  in  case  AK^=  AK'  ^  ka.  Now,  in  order  to  discover  under 
what  circumstances  the  last  member  of  (13 1)  may  change  sign  from 
positive  to  negative,  and  so  make  T  a  maximiim  we  must  learn  under 
what  circumstances  the  last  fraction  in  (13 1)  receives  a  positive  incre- 
ment. 

In  ease  the  joint  K  is  in  the  right  half  of  the  span,  let  any  wheel  as 
Wu  move  from  right  to  left  of  K,  then  is  the  quantity  Ka  increased 
by  the  wheel  weight    Wu,  and  the  quantity  G^   is   at  the  same  time 

decreased  by  the  amount  2  Wu  -~-  (in  which  h-^  =  B  K),  by  reason  of 

the  passage  of  Wu  from  Pg  to  Pj  in  passing  A^     Hence  the  last  numera- 
tor of  (13j)  is  increased  on  the  whole  by  the  amount — 

V 
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This  quantity  is  positive  in  the  right  lialf  of  tlic  span,  for  we  then 
have  /  >■  2  /',,  hence  7' may  reach  a  maximum  in  the  right  half  of  the- 
spau  just  as  some  wheel  Wu  passes  K,  as  it  would  not  were  K  in  the 
left  half  of  the  span. 

lu  case  the  joint  ^"is  in  the  left  half  of  the  span,  let  any  wheel  as 
11  u  pass  from  right  to  left  of  (\  then  will  the  left  Pi  which  is 
inclutleil  in  />i,  be  decreased  by  Wu,  and  the  right  P.,  in  Ai  will  be 
increased  by    Wu.      Hence   the  last  numerator  in   equation    (13,)   is 

increased  on  the  whole  by  the  quantity  Wu    '  "T — -   in   which  Oj    is 

c 

negative,  but  '^  i  +  a  i  >•  0,  since  C  was  taken  in  the  left  half  of  the  span. 

It  is  then  evident  that  Tmaj  reach  a  maximum  value  in  the  left 
half  of  the  span  just  as  some  wheel  passes  C,  as  it  would  not  in  the 
right  half  of  the  span. 

Again,  without  regard  to  the  right  or  left  half  of  the  span  let  any 
wheel  as  Wu  pass  some  joint  of  component  II  at  the  right  of  K.  Then 
TFu  passes  over  from  the  I\  at  the  right  of  this  joint  to  the  P2  at  its 
left,  and  at  the  same  instant  its  b^  is  increased  by  2}).     Hence  such  a 

movement  siiddenly   increases   Cj   by  the  quantity  2  ll'u  -^,  and  this 

regardless  of  which  joint  of  II  the  passage  occurs  at,  provided  only  it 
is  at  the  right  of  K.  From  this  it  is  evident  that  T  may  reach  a  maxi- 
mum just  as  a  wheel  passes  any  joint  of  II  at  the  right  of  K,  as  it  does 
not  when  it  passes  any  joint  of  I  at  the  right  of  K,  for  this  latter  change 
tends  only  to  decrease  Bi. 

Once  more,  without  regard  to  the  position  of  the  joint  C,  let  some 
wheel  as  Wu,  move  from  right  to  left  of  any  joint  of  I  which  is  situated 
at  the  left  of  C,  then  TIu  passes  over  from  P-,  at  that  joint  to  7'i.  Hence 
such  a  movement  suddenly  increases  the  last  numerator  by  the  numer- 
ical amount  2  Wu  —~,  an  amount  which  is  larger  the  nearer  the  joint 

is  to  C.  From  this  we  see  that  T"  may  also  reach  a  maximum  value 
when  a  wheel  passes  any  joint  of  I  at  the  left  of  (',  but  is  more  likely 
to  do  so,  other  things  being  equal,  the  nearer  the  joint  is  to  C. 

Since  the  quantity  Ax  — i?,  api^ears  in  equations  (11)  and  (13,)  with 
opX^osite  signs,  the  conclusion  drawn  from  (11)  to  the  eft'ect  that  the  trair* 
proi^resse-;  with  respect  to  the  panel  where  the  shear  is  a  maximum, 
must  be  drawn  from  equation  (13 1)  in  the  reverse  way  as  to  the  chord 
stress  T,  to  the  eflfect  that  the  train  retrogrades  on  the  whole  with  respect 
to  the  panel  C  Kin  which  the  chord  stress  is  a  maximum  as  that  panel 
is  assumed  further  toward  the  lelt. 

In  a  general  way  it  may  be  said  that  the  greater  concentration  of  load 
is  forward,  i.  e.,  to  the  left  of  the  panel  under  consideration  in  the  right 
half  of  the  span  and  behind  it,  /.  e.,  to  the  right  of  it,  in  the  left  half,  or 
in  other  words,  it  is  nearer  the  middle  of  the  span  than  the  jianel  is,  at  the 
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instant  when  the  greatest  stress  occurs  in  the  chord  member  of  the  panel. 

We  have  then  the  following  method  of  procedure  for  finding  the  train 
position  which  produces  a  maximum  stress  in  G  K. 

1".  In  case /jT  is  in  the  right  half  of  the  spau,  find  by  help  of  the 
weight  l:ne,  as  previously  explained,  the  wheel  Wu  which,  standing  at 
K,  would  produce  the  greatest  bending  moment  at  ^  in  a  Simple  girder 
A  B.  The  train  jjosition  thus  found  is  approximately  that  which  pro- 
duces a  maximum  stress  iu  C  K.  Take  Wu  as  standing  just  at  the  right 
of  ^  and  compute  the  value  of  €,_  for  this  train  position.  It  will  be 
shown  a  little  later  how  this  computation  may  be  most  expeditiously 
made  by  help  of  a  grajDhical  construction.  The  value  thus  obtained  for 
Ci  is  a  positive  or  negative  correction  of  Ka,  and  accordingly  is  to  be  laid 
off  on  the  diagram  of  the  Aveight  line  upward  or  downward  from  the 
lower  extremity  lu  of  Wu.     Let  ku  iu  be  this  correction  in  Fig.  10. 


Tig.  10 


'" id'' 


ij- 


K 


Now  let  TFwpass  -K'from  right  to  left,  then  will  the  last  numerator  of 
(13  J  be  increased  by  the  quantity 

Wu  t±h 

•due  to  the  passage  of  Wu  across  the  point  K.  Let  iu  ju  represent  this 
quantity  in  Fig.  10.  Then  may  iu  Ju  be  regarded  as  a  fictitious  weight 
such  that,  when  it  is  transferred  to  the  vertical  at  K'  and  used  in  the 
same  manner  as  we  have  previously  used  actual  weights  for  discovering 
maxima,  it  will  enable  us  to  discover  the  train  position  for  a  maximum 
value  of  T.  In  case  K  and  A''  are  in  the  same  vertical  no  transference 
is  needed.  Let  the  transferred  position  be  iu'  Ju',  then  it  constitutes  the 
fictitious  weight  in  its  true  laositiou  on  the  diagram  of  the  weight  line, 
and  when  it  is  intersected  between  its  extremities  in'  and  Ju'  by  the  slope 
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line  L-^l  such  intersection  shows  the  train  position  to  be  one  producing 
a  maximum  chord  stress  T  in  C  K,  but  if  not,  not.  This  stattment  is 
evident  since  such  intersection  shows  that  (13i)  changes  sign  as  Wu 
jjasses  K.  In  case  the  slope  line  does  not  intersect  the  fictitious  weight 
in  the  assumed  position  of  the  train,  the  train  must  be  moved  to  the 
right  or  left  until  surh  intersection  occurs  just  as  some  wheel  passes 
some  joint  of  II  at  the  right  of  K,  or  some  joint  of  I  at  the  left  of  C. 

It  is  more  probable  that  the  train  must  in  this  case  be  moved  toward 
the  left  than  toward  the  right,  for  reasons  already  given.  On  moving 
the  train,  whenever  awheel  arrives  at  either  of  the  joints  just  mentioned 
as  i^ossibly  making  T  a  maximum,  a  recomputation  of  (13 1)  must  be 
made.  This  will,  in  general,  give  the  fictitious  weight  iu'  ju'  a  magni- 
tude and  position  diflferent  from  that  before  obtained. 

Whenever  these  are  sucli  tliat  it  is  cut  between  its  extremities  by  the 
slope  line  i-i-/,  then  the  train  has  arrived  at  a  position  where  it  makes  T 
a  maximum.  If  there  is  more  tlian  one  such  position,  the  computed 
numerical  values  of  T  may  be  directly  compared  to  discover  which  is 
greatest,  as  their  general  comparison  algebraically  apjiears  too  compli- 
cated to  be  of  practical  use. 

2°.  In  case  C  is  taken  in  the  left  half  of  the  span,  the  method  of  pro- 
cedure is  the  same  as  that  just  developed,  except  that  it  may  be  well  to 
take  as  the  initial  position  that  which  produces  the  maximum  bending 
moment  at  C  in  a  simple  girder  of  span  ^1  J3. 

As  shown  before,  the  numerical  value  of  W  Ju'  due  to  the  passage  of 
the  weight  Wu  from  right  to  left  of  C  is 

Wu  ^h±h 

If  this  fictitious  weight  is  not  intersected  by  the  slope  line  L-^l,  and  so 
a  maximum  value  of  T  does  not  occur  in  C  K  as  Wu  passes  C,  then  the 
train  must  be  moved  to  the  right  or  left  and  the  proper  train  position 
found  as  before,  but  the  train  will  more  probably  require  to  be  moved  to 
the  right  than  to  the  left.  But  any  uncertainty  in  this  particular  is 
mostly  obviated  in  actual  comi)utation  by  finding  the  required  train 
position  for  the  jjanels  successively  from  end  to  end  of  the  truss. 

For  if  the  train  position  be  found  which  produces  a  maximum  chord 
stress  in  the  left  panel  nearest  ^4,  say  in  Ci  A'l,  then,  as  iDreviously 
stated,  the  train  position  which  gives  a  maximum  in  the  next  jjanol 
C,  A'„  at  the  right  of  (\  A'l  is  such  that  the  train  may  stand  in  general 
a  little  further  to  the  left  with  respect  to  C^  K-i  than  it  did  with  respect 
to  Cy  ifi  when  it  produced  a  maximum  in  Cj  Ki,  though  this  is  of 
course  not  so  far  to  the  left  with  resi)eet  to  A  B.  Hence,  if  Wu  at  C^ 
makes  T 2k  maximum  in  Cj  K^,  and  Wu  at  €■.  does  not  make  T&  maxi- 
mum in  C-i  K.,  then  Wu  must  in  general  be  moved  toward  the  left  to 
reach  the  train  position  which  makes  To,  maximum  in  C-,  K^,  and  so 
on  for  the  other  panels  of  this  half  of  the  truss. 
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The  graphical  comiDutation  of  Ci  may  be  conveniently  arranged,  as 
shown  in  Fig.  11.  Lay  off  on  a  piece  of  cross-section  paper  the  span 
A  B  and  the  panels  C  K,  etc.,  of  the  truss  to  the  same  scale  as  the  dia- 
gram of  the  wheel  distances. 

Then  for  any  position  of  the  truss  at  which  it  is  desired  to  compute 
Ci  read  off  the  value  of  P^  —  Pi  at  each  joint  of  I  by  the  graphical 
method  already  given. 

Eead  on  the  same  scale  or  transfer  directly,  with  compasses,  the 
weight 

taken  as  positive  upwards.     Draw  the  thread  or  line  B  i/a  ;  then  is 

which  can  be  read  off  to  scale.     In  similar  manner  find  at  H 

(P3-P,)-4-^  =Hyh 

which  is  to  be  taken  downwards  and  negative  when  P^  —  Pi  >■  0,  because 
Oi  is  essentially  negative,  and  vice  versa. 

In  this  way  values  of  all  the  quantities  in  the  two  summations  which 
form  Cj  in  equation  (13 1)  maybe  found.  After  G^  has  been  evaluated  it 
can  be  used  as  proposed  in  the  method  already  explained. 

It  is  evident  that  in  obtaining  equation  (13),  5,,  A'  and  l-a'  might  have 
been  eliminated  instead  of  b.^  c'  and  Ca'.  We  shou'd  thus  have  been  led 
by  a  similar  series  of  transformations  to  the  following  general  equation 
equivalent  to  (13) : 

^'^  =  ^'  ^(^2+^1)-  2  [P,  +  p,)  +  i  {P,-P.)  — 

o  (c  I     A  jI  c'  P 

C  B 

-  2{P,-P,)^-  2{P,-P,)  A^ (14) 

A  I  C  I 

which  may  be  more  convenient  than  equation  (13)  for  graphical  con- 
struction in  some  cases. 

Equation  (14)  may  be  adaj^ted  to  the  truss  in  Fig.  7  by  noticing  that 

—  =  1  between  6"  and  K' ,  and  making  use  also  of  the  identity 
K  K  ,   _ 

^     (P2-P1)  =^(P2-P:)— T^' 
C"  C  ^ 


^ 


h 


•t) 

3> 


^ 


•r^'  i 


/5? 


W 


/ 


c 


ft 


4 


:^ 


^^ 
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we  obtain 


h 


ST       ca^  ^ 


I        A  A 


6x        I      j_-  jL 


2  (P,  -   P,)  -^  -  2  ^P,  -  P,)  t^> 
A  ^  K  ' 


or 


X  11  Ca 


4-^  =  c.|  _-___:i"_i^^  I (14^) 


which  equation  would  serve  to  discover  the  set  of  conditions  already 
found  by  means  of  (13 1). 

IL  To  discover  the  train  position  which  produces  the  greatest  stress 
in  any  member  of  the  unloaded  chord  of  a  double  intersection  truss,  as 
in  the  bar  C"  A''  of  Fig.  7: 

Take  the  moment  about  K  of  all  the  forces  acting  on  component  I, 
and  that  about  C  of  all  the  forces  acting  on  II  and  we  have 


h  T\ 


V^ka 

C 
—  2  R^k 
A 

v.,  Ca 

H 

—  2B^c 
A 

h    T: 


Now  T'  =  J"i  +  ^  2  and  ca  =  ^a  — p,  in  which  equations  primes  are 
used  to  refer  to  the  unloaded  chord;  also  k  is  the  distance  of  any  R^  from 
£'and  c  that  of  any  R2.  from  C. 

Adding  the  equations  of  moments  and  substituting'the  values  of  the 
reactions  and  j^in  loads  as  was  done  in  the  previous  case  we  have 

Z-      -^  o     B 

pliT'  =  ~    2    (P„  C2  —  Pi  ci)  &i  —  -f-  2  [P._  k,  —  P,  k,)  b., 

''A  ^    A 

C  TT 

—  2  (P,  c,  —  Pi  ^1)  k  +  2  (P^  k.,  —  Pi  /ti)  c, 
A  A 

Move  the  train  a  small  distance  5  x  toward  the  left, 

Then  for  each  Pi,  k   — c  =0 

but       "      «'      P2,  k   —c   ^2 

Avhile    "      "      Pi,  b^  —  bi  =p 

but       "      •'      P2,  ii  —  b,=p 

By  eliminating  b^  and  Ca  =  ka  — j9  we  find  after  reductions  like  those 
used  in  obtaining  equation  (13) 
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^  ^  ^     A  A  J I  P 


(15) 


-  :^  {i\  -  P,)  y  -  3  (7'.  -  p.,)  -^  

If,  however,  b.^  and  A:a  be  eliminated  the  result  obtained  is, 

^  •'<'■  '     xi  .1  II  P 

-2  {P,-P„_)-lL   _-(/>.  -7\)-i     (16) 

.4  ^        n  ^ 

Equations  (15)  and  (IG)  are  general  and  apply  to  any  double  intersec- 
tion truss. 

Equation  (15)  may  be  adapted  to  tlie  truss  in  Fig.  7,  by  noticing  that 

k 
in  the  third  term  —  =  2  and  P ^  =  0  between  H  and  C,  also  7-*,  =  0  be- 

P 
tween  C  and  K.     Hence  we  may  write  the  identities 

2  :?  (P,  -  p,)  =  :i^  (P,  -  7%)  -^^^  -  ^  (Pi  +  P.), 

IT  H  ^  H 

0  =  2  (P,  -  P,)  ^h^ll±>  -2[P,  +  P,). 
C  ^  C  ' 

Hence  equation  (15)  becomes  • 

S  T'       I-    -^  ^ 


6  X  /     ^^  ^ 


B  K 


V  (p^  _  p^,)  1^  __  2  (P,  _  P,)  y  , 


A  '        K 

or, 

ST'       ,    rL      Ka  —  K, 

I  I  -3 =  A" 

o 


■»[t-^^] »5') 


in  which  the  notation  is  obvious. 

Equation  (16)  may  be  similarly  transformed  to 

h-/-='-f  2{P,  +  P..)-2{P,  +  P,) 
"  -^^         ''A  A 

r  ,,       IS  , 

-2{P,-  P3)  -J-  -  :i^  (P:  -  P,)  ^, 

or, 

d^  T'  VL      Ca-r,-^ 

^^rr  =  ^4T ^7~J (^^*> 
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These  equations  are  to  be  interpreted  in  a  manner  similar  to  (13 1) 
and  determine  ijosition  of  the  train  which  produces  a  maximum  in 
6"  K'  of  Fig.  7,  in  the  manner  already  discussed  in  connection  with 
that  equation. 

15.  To  discover  the  train  position  which  produces  a  maximum  stress 
in  any  chord  member  of  the  double  intersection  truss  with  intermediate 
suijports,  Fig.  9: 

The  expression  for  the  total  tension  T'in  any  member  G  K,  Fig.  9, 
differs  from  that  already  obtained  for  the  stress  in  the  same  member 
C  K,  Fig.  7,  only  in  terms  depending  upon  the  magnitude  and  position 
of  the  wheel-weights  between  C  and  K.  The  truth  of  this  statement  may 
be  made  to  api^ear  as  follows:  the  total  reaction  P^at  the  pier  A  dejiends 
solely  ui)on  the  magnitude  and  position  of  the  wheel-weights  between 
A  and  B,  and  not  ujDon  the  arrangement  of  the  members  of  the  truss. 
Now  take  the  moments  about  Q'  situated  in  the  vertical  at  J oi  all  the 
external  forces  applied  to  the  truss  at  the  left  of  Q'.  So  far  as  T^and  all 
the  wheel-weights  at  the  left  of  C  are  concerned  we  are  at  liberty  in 
computing  their  moments  about  Q'  to  take  either  the  wheel-weights 
themselves  or  the  pin  loads ;  but  in  considering  the  wheels  between 
C  and  K  it  is  necessary  to  take  into  account  how  much  of  this  jianel 
load  is  supported  at  C. 

It  is  assumed  that  this  has  been  done  correctly  and  has  been  included 
in  the  value  of  h  T  obtainetl  in  the  case  of  Fig.  7,  and  that  we  should 
find  the  same  value  of  h  T  in  Fig.  7  if  it  were  computed  by  taking 
moments  about  any  point  Q'  between  C  and  K'  of  all  the  forces  ajiplied 
at  the  left  of  Q',  jsrovided  Nve  should  also  correctly  take  account  of  the 
stresses  in  the  web  members  of  the  panel.  It  was  the  diflBculty  of  attend- 
ing properly  to  this  last  matter  that  has  led  to  the  method  of  separately 
computing  T'  and  T" ,  and  then  taking  their  sum  to  obtain  T. 

The  value  of  h  Tis,  then,  equal  to  the  algebraic  sum  of  the  moments 

of  all  the  forces  at  the  left  of  Q'  minus  the  moment  about  Q'  of  the 

stresses  in  the  members  of  the  web  cut   by  the  vertical   at   Q'.     As 

already  stated,  the   moment   of   the  applied  forces   differs  in  the  two 

cases  only  in  so  far  as  the  i^anel  load  C  A'is  concerned,  and  the  moment 

of  the  stresses  in  the  web  members  differs  not  at  all  in  the  two  Figs.  7 

and  9.     This  last  assertion  may  be  seen  to  be  true  from  the  following 

considerations.     Whatever  changes  are  produced  in  the  stresses  of  the 

web  members  meeting  at  J,  when  Q  is  supi)orted  from  /,  it  is  evident 

from  their  symmetrical  disi^osition  about  the  vertical  at  J,  that  the  part 

of  the  load  applied  at  J,  which  is  transmitted  to  the  pier  at  A  causes  as 

great  a  tension  in  C  J  as  comi^ression  in  C  J.     Hence  their  moment  of 

resistance  about  §'  vanishes.     Now,  that  part  of  the  value  of  h  T  in 

Fig.  7,  which  dei^ends  ixpon  the  panel  load  of  C  K  is  the  part  of  the 

P    k 
pin  load  at  C  due  to  this  panel,  Avhich  is  — ^- — ,  multiplied  by  its  lever 
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arm  from  Q,  wbich  Q  C  =  \  p.     Hence  the  jjart  of  h  T,  in  Fig.  7,  due 

to  the  panel  G  K,  is  i  Pj  k. 

Again,  that  part  of  h  T,  in  Fig.  9,  vhich  depends  upon  the  panel 

load  of  G  Kia  that  part  of  the  pin  load  at  G  due  to  this  jianel,  which  is 

J'  '  n 

— ^ — -  ,  multiplied  by  its  arm,  ^ p,  or,  in  all,  Pi'  q.     The  whole  effect 

will  then  be  to  replace  the  last  term  in  tlie  value  p  h  T  in  Art.  13,  viz. : 

K' 

2  (P.,  k.,  —  J\  A-i)  k' 
A 

by  the  following  expression : 

C  Q 

2  (P.,  k..  -  Pi  ki)  /.'  —  2P^',]  k' 

A       '  C 

so  that  we  must  then,  in  eijuation  (13),  replace 

K  K 

Ka=  :s  {I\  +  Pi)  =2  W 
A  A 

by  the  following: 

Q 

Qa=  2  ^v 
A 

The  introduction  of  Qa  instead  of  of  Ka  will  simply  have  the  effect 
of  making  the  point  Q  play  the  role  ascribed  in  the  discussion  of  etiua- 
tiou  (13 1)  to  the  j^oint  K. 

It  will  be  seen  from  these  expressions  that  the  introduction  of  inter- 
mediate i)in  points  has  the  effect  to  increase  slightly  the  tension  of  the 
loaded  ch^rd  for  a  given  train  jiosition  ;  Init  at  the  same  time  it  materi- 
ally decreases  the  beiidiug  moments  of  the  stringers,  since  they  are 
decreased  in  length  to  i  p.  The  stresses  in  the  web  members  are  also 
slightly  increased.  There  is  also  an  increase  of  material  due  to  the 
introduction  of  the  pin  points  at  Q  and  /and  the  pieces  of  the  type  Q  J. 

The  stress  T'  in  any  member  G'  K'  of  the  unloaded  chord  is  un- 
changed by  the  introduction  of  intermediate  joints  in  the  loaded  chord. 

16.  To  discover  the  position  of  the  train  which  produces  the  greatest 
stress  in  any  given  bar  of  the  loaded  chord  of  a  double  intersection  truss 
with  vertical  web  members,  as  in  the  Whipple  truss. 

Since  the  stress  is  identical  in  the  members  of  the  upper  and  lower 
chords  respectively,  which  lie  between  any  pair  of  consecutive  diagonals, 
it  will  in  general  be  possible  to  determine  the  train  position  for  a  maxi- 
mum stress  in  any  bar  of  either  chord  from  either  of  the  equations  (13), 
(U),  (15)  or  (16). 

In  trying  to  determine  the  train  position  for  a  Whipj^le  Truss,  which 
possesses  a  system  of  counters  as  well  as  principal  web  members,  it 
might  not  at  first  appear  which  system  should  be  considered  as  acting. 
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Bxit  in  case  the  stress  in  a  bar  of  the  loaded  chord  is  at  a  maximum  it  is 
sufficiently  evident  that  the  principal  web  members  between  that  bar  and 
the  nearest  pier  are  in  action,  a.  statement  which  will  be  seen  to  be  in 
accordance  with  that  made  iu  connection  with  Fig.  7,  where  it  was  shown 
that  to  produce  a  maximum  stress  in  a  bar  the  greatest  concentration  of 
load  lies  between  it  and  the  center  of  the  span,  which  is  true  in  general 
for  any  truss  with  end  supports. 

1°.  In  order  to  find  the  train  position  for  a  maximum  stress  in  C  ^ 
when  G  is  in  the  left  half  of  the  truss,  let  the  inclinations  of  the  web  mem- 
bers shown  in  Fig.  7  be  changed  until  H  C  and  G  K'  become  vertical, 
etc.  The  reader  will  readily  supply  the  aj^propriate  figure.  Now  apply 
the  general  equation  (13)  to  this  case,  iu  which  we  first  replace  the  limit 
C"  by  ^and  ka  =  Ca  and  notice  that  the  third  term  vanishes  since  h' 
=  0  between  C  and  K',  i.  e.,  between  H  and  G ;  also  add  the  identity 

G  7    _  (^ 

0  ==  2  {P,-P,)  ^^—^  -  2  (P3+P1), 
H  ^  H 

which  evidently  is  true  because  Pj  =  0  between  H  and  G. 
After  reductions  such  as  we  have  made  before  we  have 

ST         n     B  G  G 

7i  ^  =  ^  2  {P,  +  P,)  -  2  {P,  +  P,)  -2  {P,-P  ,)S^ 
o  X  I     ^  ^  A  >■ 

B 


2[p,-p,)!li- 

G  ^ 


or,  ^    rp 

h  -5 =  Ca 


[4-^] c^') 


We  find  that  essent'ally  the  same  result  can  be  obtained  from  equa- 
tion (15)  which  refers  to  C  K'  or  to  its  corresponding  bar  in  the  lower 
chord,  viz. :  that  one  extending  from  X' towards  the  right.  The  equa- 
tion we  then  find  puts  ka  i'or  Ca,  K  for  G,  a.,  and  bn  for  Oi  and  &i,  and 
exchanges  P^  and  P.,  with  each  other,  as  should  be  done  in  applying 
(182),  an  exi^ression  referring  to  G  K,  to  the  next  panel  at  the  right  of 
GK. 

Now,  let  some  wheel  Wu  pass  the  point  G  from  right  to  left,  then  is 

Ca  increased  by  the  amount  Wu  and  Ci  by  the  amount  Wu  — ^— — -,  both 

which  quantities  are  positive  though  a^  is  negative.  Hence  T  may  reach 
a  maximum  as  Wu  passes  G.  In  the  graphical  construction,  similar  to 
Fig.  10,  let  ku  hu  be  the  vertical  part  of  the  weight  line  representing  Wu, 
prolong  ku  hu  upward  to  a  height 

«i  +  &i 
nu  nu  =  Wu . 

Then  if  the  slope  line  L  -^  I  cuts  ku  nu,  the  wheel  Wu  at  G  produces  a 
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maximum  stress  in  tlio  bar  C  K,  for  Jcu  nu  is  the  amount  by  which 
Ca  +  Ci  changes  as  IFm  passes  C. 

Again,  whenever  any  wheel  Wu  passes  from  right  to  left  of  any  joint 
of  the  same  component  system  as  Cat  the  right  of  G,  wo  tiiid  that  Ci  is 
increased  by  the  amount 

V 

by  reason  of  the  transference  of  Wu  from  Pi  toP>  and  the  simultaneous 
sudden  increase  in  the  co-ordinate  b^  hy  the  amount  2  p.  Hence  a  maxi- 
mum value  of  7  may  occur  when  any  wheel  passes  any  joint  at  the 
ri^lit  of  Cand  belonging  to  the  same  system  as  G,  as  it  does  not  when 
any  wheel  passes  any  other  joint  at  the  right  of  G,  including  K. 

Again,  it  appears  in  like  manner  that  when  Wu  passes  any  joint  of 
system  I  at  the  left  of  G,  the  increment  of  C'l  is  the  positive  (juantity 

Hence  the  maximum  stress  in  (7 /f  cannot  occur  as  any  wheel  passes 
any  joint  of  the  same  system  as  G  at  the  left  of  G,  as  it  may  when  it 
passes  any  other  joint  at  the  left  of  G. 

The  nearer  these  last  joints  lie  to  G  K  the  larger  are  these  incre- 
ments, and  consequently  the  more  likely  are  they  to  produce  maximum 
stresses  in  G  K. 

2°.  In  order  to  find  the  train  position  for  a  maximum  stress  in  G  K 
when  K  lies  in  the  right  half  of  the  span,  let  the  inclinations  of  the 
web  members  shown  in  Fig.  7  be  altered  so  that  G  H'  and  K  G'  are 
vertical,  etc. 

Now,  apply  the  general  equation  (14)  to  this  case,  and  after  we  have 
replaced  the  limit  C  by  JTand  put  Ca  '  =  ka,  and  noticed  that  the  third 
term  vanishes  as  before,  we  obtain  at  once 

n^  =  ^2{P,  +  r,)-2{P,  +  p,)-2{P,-p,)^ 

^  "^  ^   A  A  A  '' 

J^  h 

-2{P,-P,)-f 

K                     ' 
or,         h^=la\    -^--ii^^^-    I (14,) 


We  obtain  a  result  which  is  essentially  the  same  as  this  in  applying 
equation  (16)  to  find  the  position  for  "a  maximum  stress  in  G'  K'  equal 
to  that  in  //  G,  with  such  changes  of  notation  as  fit  it  to  H  (7  instead 
of  CK. 
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It  appears  from  equation  (142)  l^y  making  use  of  considerations 
precisely  like  those  employed  in  connection  with  (182)  that  a  maxi- 
mum may  o:'Cur  in  G  K  in  the  right  half  of  A  B,  when  a  wheel 
passes  K. 

It  also  may  occur  when  any  wheel  Wu  passes  any  joint  of  the  same 
system  as  K  at  the  left  of  K,  the  increment  of  K2  then  being 

and  finally  it  may  occur  when  any  wheel  Wu  passes  any  joint  not  of  the 
same  system  as  K,  situated  at  the  right  of  K,  the  increment  then  being 

2  Wu^' 

These  statements  as  to  the  positions  which  may  cause  maximum 
stresses  in  G  K  in  the  right  half  of  the  span  could  have  been  made 
by  symmetry  from  those  already  made  resi^ecting  the  left  half  of  the 
span. 

The  various  practical  devices  to  be  employed  in  the  graphical  ai>pli- 
cation  of  equations  (182)  and  (l^a)  have  been  already  sufficiently 
explained  in  connection  with  the  discussion  of  equation  (13 1). 
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ADDRESS  AT   THE   ANNUAL   CONVENTION   AT 
CRESSON,  PA.,  June  26th,  1890. 


By  WHiiiiAM  P.  Shinn,  President,  Am.  Soc,  C.  E. 


By  a  constitutional  mandate  it  is  made  the  duty  of  the  President  of 
the  Society  to  deliver  an  address,  which  shall  set  forth  the  progress 
made  in  engineering  science  during  the  preceding  year.  Literal  com- 
pliance with  this  i)rovi8ion  necessarily  involves  reference  to  much  with 
which  you  are  more  or  less  familiar.  At  the  risk,  therefore,  of  telling 
you  of  some  things  which  you  know  much  better  than  I  do,  I  will  en- 
deavor, as  best  I  can,  to  comply  with  the  provision  of  our  fundamental 
law.  If,  in  doing  so,  I  shall  touch  upon  some  facts  which  do  not  indi- 
cate i^rogress,  it  may  suggest  to  some  of  your  minds  how  progress  may 
be  made. 

Bridges. 

Probably  the  most  important  engineering  structure  which  has  been 
completed  since  the  last  Convention  is  the  Forth  Bridge;  notable 
because  of  its  containing  the  longest  spans  in  the  world. 
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It  is  well  known  probably  to  most  of  the  members  that  this  bridge 
has  two  channel  sj)ans,  each  1  710  feet  in  the  clear,  with  a  clear  headway 
of  150  feet  ixnder  the  bridge.  The^e  great  spans  are  made  up  of  two  680 
feet  cantilevers  and  a  suspended  span  350  feet  long.  The  cantilevers 
are  340  feet  deejs  over  the  piers  and  40  feet  at  the  ends,  and  the  bottom 
chords  are  tubes  tapering  from  the  diameter  of  12  feet  to  5  feet,  spaced 
120  feet  aijart  at  the  springing  line  and  81  i  feet  apart  at  the  top.  It  is 
recorded  of  its  construction  that  in  the  south  span,  which  was  connected 
up  October  10th,  1889,  the  two  arms  met  on  the  same  level,  but  as  the 
temperature  was  not  as  high  as  was  expected,  the  rivet  holes  in  the 
chords  and  connecting  plates  were  i  inch  apart  on  the  west  side  (the 
side  exposed  to  the  sun),  and  1  inch  apart  on  the  other;  the  holes  in 
the  western  side  were  brought  over  by  a  hydraulic  jack,  while  on  the 
east  side  the  pull  of  170  tons  failed  to  bring  them  nearer  than  ^ 
of  an  inch.  The  girder  was  then  heated  by  placing  waste  soaked  in 
naphtha  in  the  trough  of  the  girder  and  firing  it,  which  expedient  was 
successful. 

The  test  of  these  great  spans,  made  January  24th,  1890,  by  placing 
on  each  of  them  the  enormous  weight  of  1  800  tons,  showed  deflections 
in  exact  accordance  with  the  calculations  of  the  engineers,  while  on 
January  19th,  with  a  registered  wind  pressure  of  37  pounds  per  square 
foot  the  lateral  movement  of  the  cantilever  was  less  than  1  inch. 
The  bridge  was  opened  on  Tuesday,  March  4th,  1890,  with  great  cere- 
mony, as  was  its  due.  The  total  amount  of  steel  used  in  the  bridge 
proper  and  the  apj)roach  viaduct  is  reported  as  59  500  tons,  and  the 
total  cost  as  about  ^15  500  000.  This  is  truly  a  triumj)h  of  engi- 
neering. 

The  Merchants'  Bridge,  St.  Louis,  which  was  completed  on  Febru- 
ary 28th,  1890,  cousists  of  three  trusses  of  about  525  feet  each,  planned 
to  give  openings  of  not  less  than  500  feet  each  in  the  clear,  and  a  clear 
headway  in  the  center  of  52  feet  above  high  water.  The  apiiroach  sjjans 
on  either  side  make  the  total  length  of  the  permanent  steel  and  masonry 
bridge  about  2  420  feet.  This  bridge  is  under  the  charge  of  Mr.  E.  L. 
Corthell,  Member  of  the  Society,  as  Chief  Engineer,  and  Mr.  George  S. 
Morisou,  Member  of  the  Society,  as  Consulting  Engineer. 

The  Kentucky  River  Bridge,  which  was  completed  in  August,  1889, 
is  a  cantilever,  and  is  of  interest  both  for  the  length  of  span  and  (con- 
sidering the  magnitude  of   the  work)  the  rapidity  with  which  it  was 
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constructed.  The  bridge  consists  of  two  cantilevers  of  trusses  GO  feet 
deep  lit  the  ])oint  of  sui^por;  and  20  feet  deep  at  the  ends  of  the  arms,  sup- 
ported by  two  steel  towers  135  feet  high  and  551  feet  ajmrt;  the  total 
length  of  the  structure,  including  api)i'oaches,  is  1  G58  feet.  The  bridge 
was  comi^leted,  ready  for  the  passage  of  trains,  in  six  months  from  the 
date  of  beginning  work  on  the  foundations. 

The  bridge  over  the  Thames  River,  in  Connecticut,  constructed 
under  the  sui^ervision  of  Mr.  Alfred  P.  Boiler,  Member  of  the  Society, 
is  remarkable  mainly  for  having  the  longest  draw  span  in  the  world. 
The  entire  length  of  the  bridge  is  1  423  feet,  consisting  of  two  spans  of 
150  feet  each,  two  310  feet  each,  and  a  draw  span  of  503  feet,  affording 
two  clear  passage  ways  of  225  feet  each  for  vessels;  the  entire  super- 
structure is  steel,  and  it  was  ojjened  for  traffic  on  October  10th,  1889. 

The  Coteau  Bridge  over  the  St.  Lawrence  River  was  opened  for 
traflSe  early  in  April,  1890.  The  extreme  length  of  the  bridge,  including 
the  islands  which  are  trestled,  is  G  035  feet ;  the  l)ridge  is  of  the  double 
triangular  riveted  lattice  design.  The  north  channel  has  one  span  of 
139  feet,  two  spans  175  feet  each,  and  a  draw  epan  of  355  feet.  The 
middle  channel  is  covered  by  ten  si)ans  of  217  feet  each,  and  the  south 
channel  by  four  spans  of  223  feet  each.  On  account  of  the  swiftness  of 
the  current  the  caissons  were  built  ready  for  lowering  and  floated  into 
position  suspended  between  two  floats  ;  the  trusses  were  erected  on  the 
south  shore  in  6  feet  of  water,  on  false  -work  of  the  same  elevation  as  the 
bridge,  and  the  false  works  and  trestles  were  then  lifted  on  floats  on 
scows,  which  were  towed  to  the  bridge  site  and  placed  in  position  be- 
tween the  piers,  so  that  by  sinking  the  scows  the  span  was  lowered  to 
its  permanent  seat,  after  the  plan  adopted  on  the  Hawksbury  Bridge. 

Bridges  Under  Construction. 

The  new  LouisviUe  and  Jeffersonville  Bridge  is  well  under  way  ;  this 
bridge  will  surpass  all  previous  records  in  length  of  truss  spans  ;  it  will 
have  two  550  feet,  one  553  feet  and  two  431  feet  spans,  all  center  to 
center  of  piers  ;  the  total  length  of  the  bridge,  including  iron  viaduct 
approaches,   will   be  8  505    feet. 

The  bridge  over  the  Ohio  River  at  Brunot's  Island,  three  miles 
below  Pittsburgh,  which  is  being  constructed  under  the  supervision 
of  Mr.  M.  J.  Becker,  Past  President  of  the  Society,  will  have  a  channel 
span  of  500  feet,  which  is  to  be  erected  under  the  direction  of  Mr. 
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Charles  L.  Strobel,  Member  of  the  Society,  and  will  be  notable  from 
the  fact  that  the  channel  sjsan  is  to  be  erected  on  false  works  set  upon 
piles  contiguous  to,  but  at  right  angles  to  the  line  of  the  In-idge,  and 
after  erection  the  span  with  the  false  works  is  to  be  ti'ansferred  to 
coal  boats  (used  as  pontoons),  to  be  floated  into  position,  as  was  done 
in  the  case  of  the  Hawksburj  Bridge. 

The  bridge  over  the  Colorado  Eiver  at  Ked  Kock,  a  few  miles  below 
the  "  Needles,"  which  is  to  furnish  the  crossing  for  the  California  and 
Arizona  Railway,  is  well  under  way.  Its  main  span  is  a  cantilever,  660 
feet  between  centej-s  of  piers,  consisting  of  cantilever  arms  165  feet 
each,  and  a  suspended  span  of  330  feet.  The  plan  was  made  by  Mr. 
J.  A.  L.  Waddell,  M.  Am.  Soc.  C.  E. 

The  bridge  over  the  Mississii^pi  Eiver  at  Memphis  is  also  well  under 
way  ;  the  sjjan  between  jjiers  one  and  two  will  be  791  feet,  then  come 
two  spans  of  621  feet  each,  and  a  suspended  span  of  350  feet,  while  there 
will  be  nearly  one  mile  of  150  feet  spans  ;  the  clear  headway  under  the 
bridge  will  be  75  feet,  and  the  estimated  cost  is  $S  000  000. 

The  Tower  Bridge  now  under  construction  across  the  Thames  at 
London,  is  remarkable  for  the  peculiarities  in  its  design.  It  consists  of 
two  short  spans,  each  270  feet,  and  a  middle  span  of  200  feet,  resting, 
when  in  place,  29  feet  6  inches  above  high  water,  but  divided  in  the 
center  and  hinged  at  the  ends,  so  that  its  two  leaves  may  be  raised  to  a 
peri^endicular  position,  leaving  an  opening  to  the  truss  connecting  the 
two  towers  at  a  height  of  135  feet  above  water  level. 

Bridges   Proposed. 

The  North  River  Bridge,  when  constructed,  with  its  span  of  3  000 
feet,  will  restore  to  this  country  the  prestige  which  it  enjoyed  at  the 
time  of  the  completion  of  the  East  Eiver  Bridge,  of  having  the  longest 
span  bridge  in  the  world.  It  seems  to  be  fairly  in  the  way  of  accom- 
plishment. The  bill  authorizing  its  construction  passed  the  House  of 
Representatives  at  Washington,  on  April  2d,  and  provided  that  the 
bridge  shall  have  not  less  than  six  railroad  tracks,  with  a  capacity  for 
four  additional  tracks  for  future  enlargement ;  that  it  shall  be  con- 
structed with  a  single  si^an  over  the  entire  river  between  the  towers 
located  between  the  shore  and  the  pier  head  lines  in  each  State,  and 
have  an  elevation  not  less  than  that  of  the  existing  Brooklyn  Bridge. 
Construction  of  the  bridge  shall  be  begun  within  three  years,  and  com- 
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l)letetl  -within  ten  years  after  beginning.  All  pt-rsons,  railroad  and 
telegraph  companies,  shall  be  entitled  to  equal  rights  and  privileges  for 
the  use  of  same  for  a  reasonable  compensation. 

One  of  the  most  important  bridges  projected,  and  upon  the  ap- 
proaches to  which  much  work  has  been  done,  is  the  bridge  over  the 
Hudson  Eivor  at  Anthony's  Nose,  known  familiarly  as  the  Peekskill 
Bridge.  It  is  intended  to  unite  the  New  York  and  New  England 
Eailroad  with  the  railroads  west  of  the  Hudson.  It  will  be  a  double- 
track  suspension  bridge  of  1  600  feet  span,  clearing  the  whole  water- 
way at  the  narrowest  point  in  the  Hudson  below  Albany,  and  it  will  be 
190  feet  above  the  water. 

The  proi^osed  bridge  over  the  Mississij^pi  Eiver,  about  9  or  10  miles 
above  New  Orleans,  designed  by  Mr.  E.  L.  Corthell,  Member  of  the 
Society,  if  constructed,  will  have  three  discontinuous  spans  about  866 
feet  each  in  length,  and  a  clear  height  at  the  center  span  above  extreme 
high  water  of  not  less  than  82  feet.  The  estimated  cost  will  be  about 
S3  000  000. 

A  bill  has  l)een  introduced  iuto  Congress  authorizing  the  con- 
struction of  a  bridge  over  the  Delaware  Eiver,  uniting  Philadelphia 
and  Camden.  It  is  designed  to  be  a  suspension-  structure  4  440  feet 
long,  135  feet  high,  and  if  constructed  will  accommodate  railway, 
carriage  and  pedestrian  travel. 

The  most  pretentious  project  is  that  of  the  proposed  bridge  over  the 
English  Channel,  plans  for  which  have  lieen  brought  forward  in  elabo- 
rate design,  hj  Messrs.  Snyder  &  Company,  and  Hersent,  with  Sir  John 
Fowler  and  Mr.  Benjamin  Baker  as  consulting  engineers.  This  plan 
proposes  a  l)ridge  24 i  miles  in  length,  Avith  one  hundred  and  eighteen 
piers  and  two  abutment  piers.  The  spans  vary  in  length  from  250 
meters  (820  feet)  to  500  meters  (1  640  feet) .  The  general  design  calls  for 
a  short  span  of  250  to  300  meters  between  each  two  cantilever  sjjans  of 
425  to  500  meters,  so  that  the  short  and  long  spans  alternate  across  the 
channel ;  the  greatest  dej^th  of  water  is  180  feet,  and  the  clear  headway 
under  the  trusses  would  be  177  feet  at  high  water  ;  the  piers  are  i)roi)osed 
to  be  of  masonry  to  a  height  of  21  meters  above  high  water,  surmounted 
by  two  steel  cylindi'ical  piers  varying  in  height  between  131  and  140 
feet  to  the  seat  of  the  truss.  The  total  weight  of  the  whole  bridge  is 
estimated  at  771  265  tons,  and  the  total  cost  3172  000  000. 
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Bridge  Flooks. 

The  accident  known  as  the  St.  George  Bridge  Disaster,  which  hap- 
pened on  the  evening  of  February  27th,  1889,  is  a  case  in  point  of  the 
inefficiency  of  bridge  floors.  This  bridge  consisted  of  eight  spans  of 
50  feet  each,  comijosed  of  iron  trusses  upon  which  cross- ties  8x12 
inches  were  laid,  at  least  8  inches  apart,  and  upon  these  ties  the  rails 
were  spiked.  At  a>  point  about  450  feet  from  the  end  of  the  bridge,  the 
engineer  noticed  that  the  driver  tire  was  broken;  this  resulted  in  the 
breaking  of  a  side  rod,  so  that  upon  entering  on  the  bridge  the  whole 
train  was  derailed,  ^  There  was  a  heavy  wooden  guard-rail  connecting 
the  outer  ends  of  the  cross-ties,  but  there  were  no  guard-rails  proper 
close  to  the  rails  and  no  re-railing  guards  at  the  end  of  the  bridge;  the 
result  was  that  the  ties  bunched  together,  leaving  gaps  which  the 
wheels  could  not  jump,  thereby  destroying  one  span  of  the  bridge 
and  causing  two  cars  of  the  train  to  fall  to  the  ground,  and  resulting  in 
thirteen  deaths  and  twenty -nine  severe  injuries  and  a  money  loss  of 
over  ^200  000. 

On  August  22d,  1889,  there  occurred  on  the  Knoxville,  Cumberland 
Gap  and  Louisville  Kailroad  at  Flat  Creek,  a  somewhat  similar  accident 
known  as  the  Flat  Cx'eek  disaster;  two  passenger  cars  were  derailed  in 
approaching  Flat  Creek  trestle.  It  had  a  flooring  of  ordinary  cross-ties 
without  any  guard-rails  whatever;  the  ties  were  bunched,  resulting  in  one 
passenger  car  falling  to  the  ground  a  vertical  distance  of  about  18  feet 
below  the  track,  and  out  of  the  thirty-four  passengers  in  that  car, 
twenty-nine  were  killed  or  seriously  injured. 

In  both  of  these  cases  had  there  been  proper  guards  in  the  bridge 
approaches  and  proper  guard-rails  on  the  bridge,  and  had  the  cross-ties 
been  laid  not  more  than  3  to  4  inches  apart  with  spacing  blocks  between 
them  to  prevent  bunching,  it  is  not  probable  that  either  disaster  would 
have  occurred. 

The  subject  of  bridge  floors  is  one  Avhich  has  long  needed  more 
careful  attention,  and  it  is  gratifying  to  observe  that  the  New  York 
Central  and  Hudson  River  Railway  has  awakened  to  its  importance  and 
is  now  building  or  refitting  many  of  its  short-span  bridges  wuth  solid 
buckle-plate,  or  plate-iron  floors,  upon  wHich  the  ballast  is  carried 
uninterruptedly.  Every  experienced  engineer  of  maintenance  of  way 
knows  how  extremely  difficult  it  is  to  secure  and  maintain  such  perfec- 
tion of  surface  that  the   transitions  from  ballast  to  track  on  wooden 
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hridge  floors,  and  vice  rersa,  shall  be  smooth  and  without  shock.  This 
difliciilty  is  avoided  by  the  chara^'tcr  of  floor  adopted  by  the  New  York 
Ci-ntral.  Its  advantage  in  case  of  derailment  was  shown  on  November 
12th,  1889,  when  five  cars  of  a  west-bound  freight  train  left  the  rails 
and  dragged  across  the  new  Erie  Canal  bridge  at  Eomo,  which  had  been 
provided  with  a  floor  of  this  character.  The  cars  were  scattered  all 
over,  two  having  their  trucks  jiulled  from  under  them,  the  ties  and  road- 
bed were  torn  up  so  that  it  looked  as  if  the  company  had  been  trying 
to  run  one  train  on  two  tracks,  but  no  damage  was  done  to  the  liridge. 

It  is  plain  that  true  economy  calls  for  construction  of  this  character 
where  it  is  possible,  or  where  it  is  not  found  practicable,  the  replacing  of 
iron  bridges  with  stone  arches,  as  is  being  done  by  the  Pennsylvania 
Railroad  Company. 

The  mo-it  pernicious  system  in  use  is  probably  that  in  which  the  rails 
are  spiked  directly  upon  the  stringers  without  the  intervention  of  cross- 
ties.  There  are  probably  many  hundreds,  and  it  is  jDossible,  thousands 
of  such  bridges  in  this  country,  and  every  one  of  them,  no  matter  how 
short  the  span,  is  a  serious  cause  of  danger. 

RAIIiBOADS. 

According  to  "  Poor's  Manual,"  the  mileage  of  main  track  in  the 
railroads  of  the  United  States  at  tlie  end  of  1888  was  156  082. 
According  to  the  Railroad  Gazette  the  new  mileage  constructed  during 
1889  was  5  300,  which  would  make  the  mileage,  at  the  end  of  1889, 
161  382. 

AcL^ordingto  "Poor's  Record,  "the  quantity  of  rolling  stock  of  the  rail- 
roads in  tl;e  United  States  at  the  end  of  1888 was  as  follows:  Locomotive 
engines,  29  398;  passenger  cars,  21  425;  baggage,  mail  and  express  cars, 
6  827;  freight  cars,  1  005  116. 

The  Railroad  Gazette  reports  freight  cars  as  having  1.)een  built  by 
thirty -six  car  building  companies  in  1889,  70  546;  as  this  is  an  addition 
to  the  cars  built  by  railroad  companies  it  is  probable  that  at  the  close  of 
1889  there  were  not  less  than  1  100  000  freight  cars  on  the  railroads  of 
this  country.  It  is  greatly  to  be  regretted  that  none  of  the  statistics 
published  give  the  car  mileage  of  all  the  railroads  of  the  United  States, 
but  there  is  reason  to  believe  that  while  commendable  progress  has  been 
made  in  the  tonnage  or  c.ipacity  of  freight  cars  and  in  the  number 
of  cars  and  weight  of   loading  hauled  by  engines,  the  average  move- 
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ment  of  freight  cars  still  remains  in  the  vicinity  of  25  miles  per  day,  or 
about  what  a  car  when  in  motion  should  average  in  two  and  a  half  hours, 
so  that  on  the  average  the  freight  cars  of  the  United  States  stand  still 
during  nine  days  for  every  day  that  they  are  in  motion.  As  cars  are 
constructed  with  the  prime  object  of  using  them  in  transporting  freight 
from  one  place  to  another,  it  is  not  creditable  to  railroad  managers  that 
nine- tenths  of  their  time  should  be  devoted  to  the  other  uses  of  standing 
idle,  receiving  loads  and  holding  them  in  store.  The  efforts  of  the 
writer  while  in  charge  of  the  management  of  the  New  York  and  New 
England  Railroad  showed  conclusively  that,  with  a  proper  system  of 
demurrage  charges  for  delays  iu  loading  and  unloading  cars,  their 
average  movement  could  be  increased  more  than  50  per  cent.,  and  that, 
too,  without  any  serious  inconvenience  to  the  jjatrons  of  the  road  or  any 
practical  injury  whatever  to  their  business. 

A  comparison  of  the  number  of  tons  of  freight  moved  in  1888  with 
that  moved  in  1882,  shows  an  increase  of  about  63  per  cent. ,  while  the 
increase  in  the  number  of  cars  from  the  end  of  1881  to  the  end  of  1887 
was  about  48  per  cent. 

Considering  that  during  that  period  the  average  capacity  of  freight 
cars  has  been  increased  by  at  least  one-half,  it  does  not  show  that  any 
improvement  has  been  made  iu  the  use  of  the  cars  during  that  time. 
In  the  economy  of  railroad  management  in  other  respects  very  satisfac- 
tory improvement  is  evident.  Compound  locomotives  are  receiving  a 
fair  trial  in  this  country.  The  Pennsylvania  Eailroad  Company  brought 
over  from  England  a  compound  locomotive  weighing  95  200  pounds,  with 
6  feet  3  inch  drivers;  two  li  x  24  and  one  30  x  24-inch  cylinders.  It  is 
reported  that  the  engine  appeared  to  save  8  pounds  per  mile  of  coal, 
but  the  difficulty  in  starting  the  train  was  too  serious  to  be  over- 
looked. 

The  Baltimore  and  Ohio  Eailroad  Company  had  a  four-cylinder  com- 
pound locomotive  constructed  by  the  Baldwin  Locomotive  Works,  the 
cylinders  being  respectively  12  x  24  and  20  x  24,  driving  wheels  68 
inches  in  diameter;  these  cylinders  are  placed  one  over  the  other,  both 
piston  rods  being  connected  to  the  same  cross-head.  I  apprehend  that 
this  form  of  construction  will  be  found  more  satisfactory  than  that  of 
the  English  engine. 

The  Michigan  Central  Eailroad  Company  had  a  compound  engine  of 
the  ten-wheel  type  constructed  by  the  Schenectady  Locomotive  Works. 
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This  ongine  lias  but  two  cyliuders,  one;  on  each  side,  the-  liiglr  pressure 
being  20  X  24  inches,  the  low  pressure  29  x  24  inches.  Weight  of  the 
engine  was  126  800  pounds,  of  which  97  000  was  on  driving  wheels.  In 
a  train  of  359  tons,  including  the  weight  of  the  engine  and  tender,  the 
engine  ran  228  miles  with  a  consumption  of  a  little  over  7  tons  of  coal, 
the  standard  engines  using  7  tons  for  152  miles.  This  seems  to  Lave 
been  a  very  satisfactory  iierformanco.  It  is  reported  that  tlu;  East 
Tennessee,  Virj-inia  and  Georgia  Railroad  has  given  an  order  to  the 
Schenectady  Loeomotive  Works  for  three  compound  engines  on  the 
Mallett  system,  same  as  the  Michigan  Central. 

The  Strong  locomotive  has  given  promise  of  economical  results;  the 
second  engine  of  this  character,  named  the  A.  G.  Darwin,  has  cylinders 
19  X  24  inches,  four  driving  wheels  68  inches  in  diameter  and  weighs 
136  000  pounds  with  76  000  pounds  on  the  drivers.  The  engine  is 
reported  as  having  made  a  nin  on  the  New  York,  Lake  Erie  and  West- 
ern Railroad  l)etwc^n  Jersey  City  and  Bufifalo  with  the  day  express  train 
starting  with  six  cars  from  Jersey  City  and  arriving  at  Bufifalo  with  eight; 
there  is  no  record  of  the  consumption  of  coal,  the  main  feature  of  the 
run  l)eing  that  it  is  usually  run  by  four  engines,  and  in  this  case  was 
made  by  one. 

In  a  report  published  in  the  Cincinnati  Commercial  Gazette  in  April, 
1890,  of  the  use  of  the  Strong  locomotive  on  the  Cincinnati,  Hamilton 
and  Dayton  Railroad,  the  General  Superintendent  states:  "  I  have  ridden 
on  the  Strong  enoine,  pulling  seven  cars  at  the  rate  of  1  mile  in  forty- 
two  seconds  for  some  distance  on  an  upward  gradient  of  10  to  15  feet  per 
mile,  and  on  a  i)ractieally  level  or  slightly  down  grade  a  mile  was  made 
in  forty  seconds.  When  she  ran  up  hill,  8  miles,  with  nine  heavy  pas- 
senger cars,  making  fair  schedule  time,  she  avrrived  at  the  top  blowing 
off  steam,  and  carrying  a  pressure  of  170  pounds;  as  to  coal  consump- 
tion, the  engine  shows  as  nearly  as  we  can  determine  by  the  ordinary 
appliances  about  one-third  less  coal  than  an  ordinary  engine  doing  the 
same  work."     This  is  very  high  jjraise. 

It  is  claimed  that  material  advantage  in  the  increase  of  loL-omotive 
traction  has  been  derived  from  the  use  of  an  electrical  apparatiis  causing 
increased  adhesion  of  the  wheels  to  the  rail.  The  use  of  polygonal 
■wheels,  the  tires  of  which  were  ground  into  facets  of  about  five-eighths 
of  an  inch  face,  has  resulted  in  total  failure,  as  might  well  have  been 
expected. 
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It  is  -in  matters  of  safety  appliances  that  the  greatest  progress  has 
been  made  during  the  past  year.  The  subject  of  car  heating  has  been 
taken  np  by  the  Legislatures  of  a  number  of  the  States,  notably  Massa- 
cliusetts,  Connecticut,  New  York  and  Iowa,  in  each  of  which  the  Legis- 
lature has  fixed  a  definite  time  within  which  all  cars  must  be  heated 
by  steam. 

It  is  stated  in  a  recent  number  of  Engineering  News  that  during  the 
winter  of  1889  and  1890  there  were  heated  by  steam  from  the  locomotives 
all  passenger  trains  on  8  465  miles,  over  half  the  cars  on  10  912  miles 
and  from  10  to  50  per  cent,  on  17  516  miles,  while  roads  having  10  per 
cent,  or  less  of  their  cars  so  heated  aggregated  50  550  miles.  In  this 
commendable  advance,  New  York  and  the  New  England  States  are 
decidedly  in  the  lead,  there  being  on  New  England  railways  1  420  cars 
equipped  for  steam  heating  out  of  2  704  in  use,  and  on  New  York 
railways  3806  equipped  for  steam  heating  out  of  4  163  in  use. 

Experiments  conducted  on  the  New  York  and  New  England  Eail- 
way  while  under  the  writer's  supervision  in  the  winter  of  1888-89, 
show  that  the  heating  of  passenger  trains  by  steam  from  the  loco- 
motives was  not  only  j)racticable  but  economical.  The  occasional  car 
stove  accidents,  such  as  occurred  in  the  last  week  of  January  on  the 
Louisville,  New  Albany  and  Chicago  Bailroad,  with  another  on  the  Cin- 
cinnati, Hamilton  and  Dayton  Railroad,  and  still  another  on  the  Denver 
and  Eio  Grande,  all  in  the  same  week,  emphasize  the  importance  of  this 
improvement  proceeding  rapidly. 

In  lighting  cars  still  more  progress  has  been  made,  the  kerosene 
lamp  givin;5  place  to  compressed  gas.  Of  the  systems  presented 
for  competition  in  car  lighting  the  Pintsch  system  of  lighting  with 
compressed  gas  made  from  oil  appears  to  have  a  fairly-earned  lead. 

It  is  reported  that  in  Europe  there  are  over  30  000  passenger  cars 
now  equipped  for  and  using  Pintsch  gas,  and  that  arrangements  have 
been  made  for  its  use  upon  an  aggregate  of  over  35  000  miles  of  rail- 
road in  this  country  during  the  present  year. 

In  power  brakes  for  freight  cars  a  great  advance  has  been  made;  the 
Westinghouse  Air  Brake  Company  reports  that  its  automatic  brake  was 
placed  during  1888  on  27  696  freight  cars  and  duiing  1889  on  24  036, 
and  that  at  the  close  of  1889  there  were  101  576  freight  cars  equipped 
with  it,  or  nearly  10  per  cent,  of  the  whole  number  of  freight  cars  in  the 
country. 
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lu  1888,  after  a  somewliat  exhaustive  series  of  experiments  by  a 
committee,  of  which  the  writer  was  ( hairman,  had  deraoustrated  the 
actual  superiority  of  vertical  hook  couplers  over  all  others,  the  ^Master 
Car  Builders  adopted  as  their  standard  the  vertical  hook  coupler  of  the 
Jauney  type,  and  several  of  the  States  (particularly  Massachusetts, 
New  York  and  Iowa)  have  passed  laws  requiring  automatic  couplers 
to  be  put  on  all  newly-constructed  freight  cars,  and  within  a  certain 
period  they  must  be  applied  to  all  the  freight  equipment  used  by  roads 
within  these  States.  . 

A  statement  in  the  Engineering  News  of  December  21st,  1889,  shows 
freight  cars  equipped  with  the  Master  Car  Builders'  standard  coupler 
56  050;  with  other  automatic  couj)lers,  15  755;  making  a  total  of  71  805 
cars  equijiped  with  automatic  couplers.  The  result  of  the  exiieriments 
with  the  Master  Car  Builders'  type  of  coupler  on  the  Atchison,  Topeka 
and  Santa  Fe  Kailroad  has  shown  that  it  will,  by  reason  of  its  close 
coupling  and  automatic  action,  more  thau  pay  for  itself  in  the  decrease 
of  losses  resulting  from  breakages  of  trains  and  damages  to  employees, 
and  that  it  is  especially  adapted  to  the  fast  freight  service. 

The  record  of  the  Janney  couplers,  as  given  in  the  Engineering  JVe«?s^ 
of  February  15th,  1890,  ajjpears  to  show  that  they  stand  the  shocks  of 
service  qiiite  as  well  as  couplers  of  any  other  type. 

As  the  organizations  of  trainmen  are  resolving  in  favor  of  automatic 
couplers,  it  appears  safe  to  say  thatwitliin  the  next  decade  all  freight 
cars  will  be  so  equipped.  In  this  connection  a'so  it  is  well  to  refer  to  the 
Westinghouse  friction  buffer  as  au  additional  safeguard.  A  test  made 
on  Tuesday,  February  25th,  1890,  in  the  West  Shore  yards.  New  York 
City,  with  twenty-two  Pennsylvania  Kailroad  cars  of  60  000  pounds, 
capacity  each,  all  fully  loaded  and  equipped  with  Janney  couplers, 
"Westinghouse  quick  acting  brakes  and  Westinghouse  friction  bufters- 
showed  many  remarkable  results.  It  is  recorded  that  a  ten-wheel 
engine  attached  to  eight  cars  of  the  train  was  moved  off  a  little 
distance,  the  brakes  being  set  upon  the  remaining  cars.  The  front 
portion  of  the  train  was  then  moved  down  upon  the  rear  part  at  the 
speed  of  5  to  7  miles  per  hour,  but  so  much  of  the  sV.ock  was  taken  by 
the  buffers  that  no  damage  was  sustained  in  any  part.  It  seems  clear 
that  with  automatic  brakes,  automatic  coui^lers  and  sucli  buffers  it  will 
be  possible  and  safe  to  very  materially  increase  (perhaps  to  double)  the 
average  speed  of  freight  trains. 
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The  subject  of  safety  signals  is  one  of  growing  imijortance ;  the 
leading  trunk  line  roads  have  long  since  adopted  the  block  system;  but 
such  accidents  as  that  of  the  Pennsylvania  Railroad  Company  on  the 
New  Jersey  meadows  some  years  ago,  show  that  something  else  is 
needed,  and  automatic  electric  signals  appear  to  answer  the  purpose. 

The  writer  had  three  years'  knowledge  of  their  use  on  12  miles  of  the 
road  under  his  charge  without  a  recorded  failure,  the  signals  being  then 
about  a  mile  apart,  but  owing  to  the  frequency  with  which  trains  were 
run  they  have  recently  been  doubled,  placing  them  half  a  mile  apart. 
A  class  of  signals  which  should  come  into  general  use,  even  uijon  roads 
running  compai-atively  few  trains,  is  a  mechanical  signal  which  can  be 
set  by  the  switchman  or  any  station  man  at  a  suflBcient  distance  back  of 
each  switch  and  station  as  to  enable  an  approaching  train  to  stop  before 
reaching  it;  such  a  signal  to  be  thrown  to  danger  whenever  a  train  is 
taking  siding  or  standing  at  a  station. 

A  very  large  proportion  of  the  collisions  lately  recorded  have  been 
■due  to  trains  taking  siding  or  standing  at  stations  being  run  into  by 
following  or  aijproaching  trains. 

The  railway  accident  statistics  are  not  only  long  but  ghastly,  and 
■everything  possil)le  should  be  done  to  reduce  their  number. 

A  record  comjjiled  by  the  Engineering  News,  in  its  issue  of  June  7th, 
1890,  shows  for  the  year  ending  June  30th,  1889: 

Killed.  Injured. 

Passengers 310  2  146 

Employees 1972  20  028 

Other  persons 3  541  4  135 

Total 5  823  26  309 

As  one-third  of  the  killed  and  nearly  four-fifths  of  the  injured  are 
■employees,  it  is  safe  to  say  that  by  the  adoption  of  the  safety  apphances 
hereinbefore  mentioned,  the  number  of  jjersons  killed  and  injured  can 
be  reduced  in  the  aggregate  by  at  least  one-half  ;  it  is  true  that  by  far 

"the  largest  proportion  of  the  killed,   say  3  541,  are  persons  other  than 

« 

employeesand  passengers,  of  which  2  215  are  probably  trespassers. 

A  comparison  of  the  railroad  accidents  iu  the  United  States  with 
those  in  Great  Britain  shows  that  while  there  was  one  passenger  killed 
in  the  United  States  for  every  39  601  458  miles  traveled,  and  in  Great 
Britain  for  every  55  538  688  miles  traveled,  there  were  passengers  injured 
in  the  United  States  one  for  every  5  720  624  miles  traveled,  and  in  Great 
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Britain  for  every  4  220  G16  miles  traveled,  so  that  the  difference  in 
favor  of  safety  of  travel  in  Great  Britain  is  not  as  material  as  has 
generally  been  supposed.  This  is  more  effectively  shown  by  the  follow- 
ing comparison  of  passenger  casualties  i)er  million  i)assenger  train- 
miles  : 


United  States. 
Great  Britain. 


Eillea. 

Injured. 

1.01 

7.2 

0.70 

10.4 

One  of  the  most  important  ^joints  to  which  I  -would  call  the  attention 
of  railway  managers  is  the  imjiortance  of  keeping  trains  on  time.  This 
statement  seems  trite,  but  that  it  is  a  live  issue  is  evidenced  by  an  edi- 
torial iu  a  leading  Southern  paper  which  recently  adopted  the  plan  of 
publishing  daily  a  list  of  trains  running  into  the  city  which  arrived 
behind  the  schedule  time.  I  cannot  do  better  than  quote  :  "  The  duty 
of  the  railways  to  the  traveling  piablic  is  clear;  it  is  simijly  to  deliver  pas- 
sengers promptly  and  surely  on  the  advertised  time;  the  S2Deed  of  a> 
train,  the  number  of  trains,  these  are  matters  of  convenience  and  are 
regulated  by  the  desire  to  get  travel,  but  to  j^ut  a  p.issenger  where  you- 
advertise  and  put  him  exactly  where  you  advertise,  when  you  atlvertise 
to  put  him  there,  is  a  matter  of  contract  and  it  rests  on  a  solemn  obliga- 
tion. This  contract  the  company  is  bound  to  keeij;  an  accident  may 
prevent  it  once  in  a  year  or  once  in  a  mouth  and  the  road  be  held  blame- 
less, but  when  there  is  frequent  and  avoidable  failure  to  keep  this  contract 
with  the  public,  the  railroad  deliberately  fails  in  its  duty.  If  the  adver- 
tised schedule  is  a  faster  one  than  can  be  regularly  and  reasonably  run,  it 
should  be  changed.  If  more  trains  are  dispatched  than  can  be  promptly 
delivered,  the  number  should  be  reduced.  The  iniblic  may  criticize 
slow  or  infrequent  trains,  but  if  the  road  keeps  its  advertised  promise  of 
delivery  its  integrity  can  be  maintained  and  it  cannot  be  hurt.  The 
public,  too,  had  rather  travel  in  ordinary  trains  and  '  get  there '  than  in 
'  fast  mails '  that  are  slowy.  or  in  '  cannon  balls '  that  go  astray,  or 
'  through  limiteds'  that  find  their  limit  before  they  get  there." 

These  remarks  are  well  timed  and  very  much  needed.  It  should  be 
impressed  upon  our  friends  in  charge  of  railway  management  that  it  is 
far  more  important  for  the  trains  to  be  promiJt  than  for  them  to  be  fast; 
and  I  regret  to  say  that  from  obsersation  and  experience  it  is  my  con- 
viction that  regularity  and  promptness  of  trains  upon  many  of  our 
leading  railway  lines   is   not   as   satisfactory  to-day   as  it  was  twenty 
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years  ago.  This  is  partly  due  to  the  high  speed  schedules  and  heavy 
trains,  but  (as  was  remarked  in  the  newspaper  article  referred  to)  the 
important  thing  is  that  the  train  should  get  there  at  the  time  called  for 
in  the  schedule,  and  there  is  a  certain  way  of  its  accomplishment— if  the 
train  from  any  cause  cannot  make  the  schedule  time  th6  schedule  time 
should  be  made  to  suit  the  train. 

Two  Amebicas  Eailway  Project. 
A  most  notable  project  in  the  line  of  railway  construction  is  the  one 
which  is  known  as  the  "Two  Americas  Eailway,"  designed  to  connect 
North  and  South  America,  from  the  United  States  on  the  north  to  Chili 
and  the  Argentine  Eepublic  on  the  soiith.  The  construction  of  this  rail- 
way having  been  recommended  by  the  recent  Pan-American  Congress, 
the  President  has  transmitted  to  Congress  a  report  of  the  Secretary  of 
State,  recommending  the  appropriation  of  igGO  000  as  the  proportion  of 
this  country  for  the  cost  of  the  survey.  Chimerical  as  it  may  seem,  it  is 
probable  that  at  no  distant  day  the  construction  of  this  railway  will  be 

commenced. 

Ship  Eatlwats. 

It  is  to  be  regretted  that  the  unfortunate  death  of  our  esteemed  Past 
Yice- President,  James  B.  Eads,  appears  to  have  caused  his  latest  project, 
the  Tehuanteijee  Ship  Eailway,  to  be,  at  least  for  a  time,  abandoned.  It 
is  interesting,  however,  to  notice  that  there  is  at  this  time  under  con- 
struction a  ship  railway  which,  in  many  respects,  will  fully  demonstrate 
the  correctness  of  Captain  Eads'  plan.  The  Chignecto  Ship  Eailway  now 
under  construction  across  Nova  Scotia  will  connect  the  Bay  of  Fundy 
with  the  Baie  Yerte  of  the  Gulf  of  St.  Lawrence.  The  length  of  the  road 
is  about  Hi  miles.  The  road-ljed  will  consist  of  two  parallel  tracks  18 
feet  between  centers  and  laid  to  the  usual  4  feet  8i-inch  gauge.  The 
rail  will  be  110  jjound  section,  6j  inches  high  with  6i-inch  base.  The 
•company  is  fortunate  in  having  been  able  to  determine  upon  an  absolute 
straight  line  for  the  whole  length  of  the  road,  thus  avoiding  the  diffi- 
•culty  which  Captain  Eads  was  obliged  to  provide  for,  of  turning  material 
angles;  the  lifting  docks  are  designed  for  vessels  of  1  000  tons  or  less 
-capacity. 

It  was  reported  last  month  that  14  miles  of  the  road-bed  had  been 
graded ;  all  the  rails  being  delivered,  most  of  the  hydraulic  machinery 
is  on  the  ground,  and  the  masonry  of  the  lifting  docks  is  well  advanced. 
It  is  expected  that  the  railway  will  be  finished  next  year. 
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Ship  Canals. 

Siuce  the  abandonment  of  the  work  on  the  ill-advised  Panama  Canal, 
there  has  been  little  advance  to  chronicle  in  this  branch  of  engineering. 
It  is,  however,  gratifying  to  be  able  to  state  that  while  the  foreign 
enterprise  referred  to  aijjiears  to  have  definitely  failed,  the  American 
Nicaragua  Ship  Canal  appears  to  be  making  substantial  progress.  It  was 
reported  in  September,  1889,  that  the  work  had  been  fairly  begun,  and 
the  subsequent  reports  show  that  it  is  being  conducted  in  a  systematic 
way  with  a  view  to  an  economical  carrying  out  of  the  enteri)rise.  It  is 
particularly  interesting  to  the  Society,  from  the  fact  that  one  of  our 
Members,  Mr.  A.  G.  Meuocal,  is  the  chief  engineer,  and  that  a  favorable 
report  ui^ou  the  practicability  and  cost  of  the  canal  has  been  made  by  a 
board  consisting  of  five  Members  of  the  Society  headed  by  our  worthy 
Secretary. 

New  Croton  Aqueduct. 

The  New  Croton  Aqueduct,  in  charge  of  Mr.  Ali^honse  Fteley,  Vice- 
President  Am.  Soc.  C.  E. ,  is  nearing  completion,  and  the  Chief  Engineer 
promises  that  it  shall  carry  water  on  July  15th  prox. 

This  aqueduct  is  notable  as  being  the  longest  tunnel  constructed  in 
modern  times. 

Eiffel  Tower. 

Among  the  unique  and  remarkaljle  constructions  of  the  past  year 
was  the  Eiffel  Tower,  notal)le  as  being  the  highest  structure  of  modern 
times,  and  probably  the  highest  of  which  we  have  any  recorded  history. 
Its  feati;res  are  so  well  known  that  it  is  unnecessary  to  refer  to  them 
here. 

Electrical    Engineering. 

In  no  otl.er  branch  of  the  jirofession  have  as  great  strides  been  made 
as  in  that  of  electrical  engineering.  At  the  close  of  1889  there  were  in 
the  State  of  New  York  alone  ninety-two  electric  light  companies  fur- 
nishing light  to  cities  and  the  public.  The  price  of  gas,  which  in  1877 
for  two  luxndred  and  ninety  cities  averaged  83  15,  had  in  1887  fallen  to 
S2  per  thousand  feet.  I  have  not  been  able  to  procure  an  accurate 
record  of  the  number  of  electric  light  stations,  with  the  number  of 
electric  lamps  in  use  in  the  United  States,  but  one  electrical  company 
alone  had  on  the  1st  of  June  threo  hundred  and  one  stations  with  a 
total  generating  capacity  of  554  350  lights  of  16-candle  power  each. 
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Of  electrical  street  railways  there  were  on  May  1st,  according  to 
Electrical  Powe)',  two  hundred  and  forty  :n  operation  and  under  con- 
struction. 

When  it  is  considered  that  the  first  of  these  dates  back  only  to  1886, 
the  showing  is  very  remarkal)le.  In  July,  1889,  there  were  reported  in 
use  seventy-two  electrical  railways  with  a  total  length  of  400  miles  of 
line. 

One  of  the  most  remarkable  advances  in  the  use  of  electricity  is  that 
of  electrical  welding.  From  some  experiments  made  at  the  station  of 
the  Maiden  Electric  Company  on  March  7th,  1889,  it  was  found  that  to 
weld  a  2-inch  bar  of  wrought-iron  the  entire  current  generated  by  a 
16-horse-power  engine  occupied  one  minute  and  twenty  seconds  in 
heating  the  joint  to  the  welding  temperature.  The  weld  was  comjileted 
in  five  seconds,  making  one  m'nute  and  twenty-five  seconds  in  all. 

One  of  the  remarkable  features  of  this  method  of  welding  appears  to 
be,  from  a  microscopic  examination  of  a  butt  welded  bar  which  had  been 
etched  with  acid,  that  for  about  i%  inches  each  way  from  the  point 
of  joining,  the  metal  seems  to  have  been  refined  and  made  more  homo- 
genious.  From  tests  made  upon  the  tensile  strength  it  is  reported  that 
in  the  welding  of  the  ordinary  commercial  metals  a  tensile  strength  at  the 
weld  of  90  per  cent,  of  the  strength  of  the  unwelded  metal  is  obtainable. 

Wateb-Powee. 

It  is  somewhat  remarkable  that  the  use  made  of  water-power  at  the 
present  time  is  but  a  fraction  of  that  which  is  easily  available  in  many 
sections  of  the  country.  Even  in  the  State  of  Connecticut,  where  water- 
power  is  availed  of  quite  largely,  it  is  probable  that  not  one  fourth  of 
the  available  water-power  is  at  present  in  use.  The  greatest  advance  in 
this  respect,  which  is  now  under  consideration,  is  the  utilization  of  the 
power  of  the  Niagara  River.  A  company  has  been  formed  for  the 
purpose  of  constructing  a  feeding  canal,  taking  the  water  from  the 
Niagara  River  from  a  point  about  li  miles  above  the  Falls,  the 
wells  to  be  located  along  the  sides  of  the  canal,  ahd  the  tail  water  to 
be  discharged  into  a  tunnel  which  shall  oj)en  into  the  Niagara  River 
about  a  quarter  of  a  mile  below  the  falls.  The  projected  works  are 
estimated  to  be  capable  of  develop'ng  about  120  000  horse-power,  draw- 
ing from  the  river  only  four-tenths  of  1  per  cent,  of  the  volume  of  the 
passing  water.     It  is  intended  to  utilize  the  water  under  a  pressure  as 
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high  as  100  ijouiuls  per  square  inch.      Tho  plans  for  the  tunnel  and 

canal  are  nearly  finished  and  contracts  for  their  construction  are  soon 

to  be  let. 

Sewage. 

A  branch  of  engineering  of  great  and  rapidly  growing  importance  is   • 
that  of  providing  for  the  sewage  of  large  cities. 

It  is  only  within  a  comparatively  few  years  that  any  efforts  have  been 
made  to  do  otherwise  with  city  sewage  than  to  discharge  it  into  the 
nearest  running  stream  at  the  most  convenient  location.  The  result  has 
been  the  serious  contamination  of  the  streams,  in  many  cases  affecting 
the  water  supply  of  cities  lower  down,  and  always  with  the  result  of 
having  more  or  less  offensiveness  connected  with  the  discharge  of  sew- 
age. One  of  the  most  radical  improvements  which  has  been  made  in 
this  regard  was  the  construction  of  the  Boston  system  of  sewerage,  with 
which  most  of  you  are  familiar.  There  are  so  many  growing  cities  in 
the  interior  of  the  country  located  on  streams  of  insufficient  volume  to 
take  the  sewage  without  dangerous  pollution  that  strenuous  efforts  are 
being  made  to  utilize  it  as  a  fertilizer,  or  to  reduce  it  to  a  condition  of 
"innocuous  desiietude  "  by  filtration  or  by  chemical,  and,  in  some  cases, 
electrical  treatment.  One  of  the  most  radical  methods  of  disposing  of 
sewage  is  to  filter  it  in  such  manner  as  to  take  out  all  the  organic  mat- 
ter, which  is  then  crt>mated  under  such  conditions  that  it  furnishes  the 
fuel  for  raising  the  steam  to  carry  on  the  operation. 

What  is  known  as  the  Hardie  system  is  a  combination  of  precipitat- 
ing reservoirs,  pneumatic  and  electrolysis  reservoirs  and  a  cremating 
furnace. 

The  study  of  this  subject  is  well  worthy  the  attention  of  the  profes- 
sion, as  there  can  be  no  more  important  questions,  involving,  as  they 
do,  the  health  of  entire  communities,  than  the  problems  of  water  sup- 
l)lies  and  sewers,  and  it  is  gratifying  to  be  able  to  report  that  public 
interest  is  increasing  in  both  branches  of  the  subject.  • 

Drainage. 

One  of  the  greatest  undertakings  of  modern  times  is  the  drainage  of 
the  valley  of  the  City  of  Mexico.  The  average  altitude  of  the  valley  is 
7  412  feet  above  sea-level,  and  its  area  1  657  square  miles.  The  total 
area  in  hydrographic  surface  of  the  valley,  including  the  bottom  and  the 
mountain  sides,  which  drain  towards  the  interior,  is  about  2  711  square 
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miles  ;  there  are  in  the  valley  six  lakes  of  considerable  size,  forming  a 
crescent  around  the  City  of  Mexico.  The  city  stands  upon  the  banks  of 
Lake  Texococo,  which  is  the  lowest  in  elevation  and  which  is  above  the 
level  of  the  city. 

It  is  proposed  to  construct  a  drainage  canal  for  the  distance  of  48 
kilometers,  or  nearly  30  English  miles,  from  the  city  to  the  mouth  of  the 
tunnel ;  this  tunnel  will  extend  through  the  hills  to  a  distance  of  about 
10  000  meters,  or  nearly  8  miles,  in  length,  which,  with  a  fall  of  one 
in  one  thousand,  is  to  give  a  capacity  of  discharge  of  61.70  cubic  feet 
per  second  when  full  to  the  maximum  height  of  flow  at  13  feet  above  the 
bottom.  Sixty-five  per  cent,  of  the  sectional  area  being  employed  for 
flow  of  water,  the  velocity  of  flow  is  calculated  at  7.54  feet  per  second. 

The  section  of  the  tunnel  is  ovate,  with  a  vertical  diameter  of  17.7 
feet  and  a  width  at  water  level  of  12.88  feet.  The  canal  and  tunnel 
were  commenced  on  March  25th,  1889,  and  are  to  be  finished  by 
September  25th,  1891. 

Common  Roads. 

Special  and  needed  attention  has  of  late  been  given  to  the  subject  of 
the  improvement  of  our  common  roads,  than  which  certainly  no  worse 
can  be  found  in  any  civilized  country. 

In  their  Messages  at  the  beginning  of  1889  the  Governors  of  both 
Massachusetts  and  Pennsylvania  gave  special  attention  to  this  subject, 
the  former  recommending  particularly  the  passage  of  a  law  providing 
for  a  consulting  engineer  to  give  advice  in  regard  to  the  improvement  of 
the  common  roads  of  the  State.  The  Engineers'  Society  of  "Western 
Pennsylvania  took  very  prompt  action  in  the  matter  by  preparing  and 
presenting  to  the  Pennsylvania  Legislature  a  bill  having  for  its  purpose 
improvement  in  the  location,  opening,  vacation,  construction  and  main- 
tenance of  highways,  roads  and  bridges  in  the  several  counties  of  the 
Commonwealth;  this  draft,  however,  did  not  become  a  law. 

The  State  of  New  Jersey  did  enact  a  very  advanced  law  upon  the 
subject,  authorizing  the  employment  of  engineers  and  the  improvement 
of  country  roads  uj)on  an  intelligent  basis. 

The  Governor  of  New  York,  in  his  Annual  Message  for  1890,  recom- 
mended that  the  country  roads  of  the  State  be  built  and  maintained  by 
the  State,  and  that  the  work  be  done  systematically  under  the  super- 
vision of  the  State  Engineer.     It  is  shown  that  good  macadamized  roads 
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16  feet  wide  cost  only  about  ^3  000  per  mile,  while  Telford  pavements 
with  macadamized  covering  16  feet  wide  cost  about  ^8  000  per  mile. 

It  is  rejn-eseuted  by  Professor  J.  W.  Jenks,  in  his  jmper  upon  "  Legis- 
lation of  the  American  States  on  lloads,"  based  uijon  the  conditions  in 
Illinois,  that  a  full  load  can  be  carried  on  the  State  roads  only  during 
three  months  in  the  year,  two-thirds  of  a  load  during  three  months  and 
half  a  load  duiing  six  months.  He  claims  that  if  the  State  had  a  good 
system  of  roads  the  fanners  would  be  benefited  to  the  extent  of  S116- 
000  000  in  the  value  of  their  farms,  and  that  they  would  save  .$15  300  000 
annually  in  hauling,  or  6  jier  cent,  interest  on  ^255  000  000.  These  are 
large  figures. 

An  estimate  made  l)y  Mr.  Thomas  H.  Johnson,  M.  Am.  Soc.  C.  E., 
of  a  committee  of  the  Engineer's  Society  of  Western  Pennsylvania,  was 
to  the  effect  that  the  loss  to  the  community  of  that  State  from  bad  roads 
would  amount  to  at  least  $6  000  000  per  annum,  while  there  is  at  ijresent 
a  road  tax  collected  of  about  $4  000  000  per  annum,  which  is  so  expended 
as  to  be  utterly  wasted,  which,  added  to  the  saving  by  good  roads  would 
represent  an  expenditure  that  might  be  made  of  SlO  000  000  per  annum. 

Thei'e  is  no  better  example  of  the  effect  of  good  roads  than  is  to 
be  found  in  Union  County,  N.  J.,  where  the  act  of  the  Legislature  of 
that  State  has  been  adopted  more  thoroughly  than  in  any  other  portion 
of  this  State.  The  vicinity  of  Elizabeth,  Westfield  and  Plainfield  has  a 
population  which  would  not  have  been  attracted  there  without  good 
macadamized  roads. 

It  is  to  be  noted  as  significant  steps  in  the  right  direction  that  the 
University  of  Pennsylvania  has  offered  j^rizes  of  .flOO,  S200  and  $100  for 
the  best  three  papers  on  road-making  and  maintenance,  while  the  Case 
School  of  Apphed  Sciences  of  Cleveland  offers  free  instruction  in  road- 
making  in  the  form  of  three  lectures.  Probably  there  is  no  one  subject 
in  this  country  offering  opportiinities  for  greater  imi^rovement  than  that 
of  common  roads. 

It  is  well  known  that  during  the  isast  winter  many  sections  of  the 
country  were  paralyzed  in  their  business  of  shipping  agricultural  pro- 
ducts because,  owing  to  the  absence  of  severe  frost,  the  roads  were,  for 
months,  absolutely  impassable. 

PoETscH  Freezing  Process. 

One  of  the  most  remarkable  improvements  in  the  driving  of  shafts  is 
that  of  the  Poetsch  freezing  process  as  applied  to  quicksands. 
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This  process  consists  in  sinking  8-ineli  wrought-iron  pipes  plugged  at 
tlie  bottom  and  connected  with  malleable  iron  couplings  at  the  distance 
of  5  to  10  feet  outside  the  circumference  of  the  shaft  to  be  excavated  ; 
inside  of  these  large  pipes  is  a  IJ-inch  pipe  terminating  within  10  inches 
of  the  bottom  ;  both  series  of  pipes  are  connected  with  tubing  of  their 
respective  diameters,  which  tubing  leads  to  a  couple  of  huge  tanks  in 
the  freezing  plant  and  engine  house ;  the  ice  machine  operates  on  a 
solution  of  chloride  of  calcium,  reducing  its  temperature  to  about  17 
degrees  Fahr.  below  zero.  This  solution  is  forced  into  the  series  of 
small  pipes,  dropping  to  the  base  of  the  large  pipes.  The  pressure 
forces  the  liquid  up  the  large  pipes  and  back  into  a  tank  from  which  it 
again  passes  to  the  ice  machine.  The  result  of  the  continued  circiila- 
tion  of  this  solution  is  the  absorption  of  the  natural  heat  of  the  ground 
and  the  freezing  of  the  earth  around  the  pipes  ;  these  congealed  circles 
gradually  widen,  forming  a  solid  impervious  wall  within  which  the 
treacherous  quicksand  is  held. 

The  process  in  this  country  is  controlled  by  a  company,  at  the  head 
of  which  is  General  William  Sooy  Smith,  Member  of  the  Society,  and  the 
first  work  done  in  this  country  was  the  sinking  of  a  shaft  for  the  Chapin 
Iron  Mining  Company,  at  Iron  Mountain,  Michigan,  the  shaft  being 
rectangular,  15|  x  16^  feet  and  about  100  feet  deep.  It  is  recorded 
that  after  forty  days'  freezing  an  ice  wall  10  feet  thick  was  formed 
around  the  shaft,  and  that  in  thirty  days  more  it  had  reached  the  rock. 
It  is  further  stated  that  upon  reaching  the  rock,  water  was  found  ta 
enter,  which  was  shut  off  by  a  continuation  of  the  freezing  process. 

An  account  is  given  of  a  shaft  sunk  in  Belgium  by  this  process. 
This  shaft  was  sunk  to  a  depth  of  190  feet  before  the  quicksand  was 
struck,  and  was  afterwards  carried  through  62  feet  of  quicksand  by  the- 
use  of  this  freezing  process. 

METAIiliUKGT. 

Great  advances  are  being  made  in  the  domain  of  metallurgy.  Within 
ten  years  the  output  of  a  blast  furnace  of  20  feet  bosh  has  been  increased 
from  about  100  tons  per  twenty-four  hours  to  325  tons  in  twenty-four 
hours.  This  has  been  accomplished  by  the  recognition  of  the  fact  that 
the  smelting  of  ore  is  a  chemical  process,  and  that  the  amount  of  pro- 
duct which  can  be  derived  from  a  given  plant  is  in  direct  proportion  ta 
the  amount  of  oxygen  which  can  be  brought  in  contact  with  the  carbon 
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of  the  fuel  within  a  given  time,  nuder  such  conditions  as  to  result  in 
economical  combustion. 

The  production  of  i)ig  iron  in  the  United  States  has  increased  from 
2  301  215  gross  tons  in  1878  to  7  603  642  gross  tons  in  1889,  an  increase 
of  5  302  427  gross  tons,  or  230  per  cent.,  in  eleven  years.  The  produc- 
tion of  pig  iron  in  Great  Britain  was  6  381  051  gross  tons  in  1878,  and 
8  245  33G  gross  tons  in  1889,  so  that  while  the  production  in  the  United 
States  was  only  36  per  cent,  of  the  British  production  in  1878,  it  was  92 
per  cent,  thereof  in  1889. 

One  of  the  most  interesting  developments  in  metallurgical  manufac- 
turing is  that  of  the  spiral  welded  steel  tubes  now  being  manufactured 
at  Orange,  N.  J.,  this  process  making  it  possible  to  manufacture  from 
rectangular  strips  of  metal  of  moderate  widths  tubes  of  almost  any 
required  size  and  strength,  and  it  is  claimed  that  experiments  show 
that  while  tubes  having  a  longitudinal  seam  are  liable  to  open  at  the 
weld  from  pressure,  the  sjiiral  welded  tubes  act  somewhat  on  the  prin- 
ciple of  the  arch,  and  the  seam  is  comi^ressed  and  compacted  by  the 
internal  pressure.  Another  very  important  and  most  interesting  devel- 
opment in  metallurgy  has  been  the  improvement  in  the  manufacture  of 
aluminum,  this  heretofore  very  expensive  metal  having,  by  the  latest 
process,  been  brought  within  the  reach  of  manufacturers  for  many  uses 
requiring  comparatively  cheap  material,  the  Pittsburgh  Reduction 
Company,  which  is  probably  the  largest  producer  of  the  metal,  furnish- 
ing 95  per  cent,  pure  aluminum  in  quantities  of  1  000  pounds  and 
upwards  at  S2  per  pound.  This  enables  its  use,  heretofore  confined  to 
expensive  instruments,  to  be  extended  to  ordinary  domestic  and  culin- 
ary vessels,  for  which  its  qualities  of  lightness  in  weight  and  non-oxida- 
tion make  it  particularly  valuable.  There  is  reason  to  believe  that  its 
cost  will  be  so  far  reduced  within  a  reasonable  period  as  to  enable  it  to 
be  sold  for  less  than  Si  i)er  pound. 

Failure  of  Dams. 

The  site  of  South  Fork  Dam,  the  failure  of  which  was  the  cause  of 
what  is  well  known  to  you  all  as  the  Johnstown  disaster,  is  but  7 
miles  from  our  place  of  meeting,  and  those  who  are  curious  to  visit  it 
can  readily  do  so  by  carriage. 

The  lesson  of  the  failure  of  the  South  Fork  Dam  is  undoubtedly  a 
too  contracted  spill-way ;  while  it  is  true  that  the  rainfall  which  caused 
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it  was  iiuprecedented ;  this  caiise  lias  been  made  more  px'ominent  by  the 
failure  of  the  "Walnut  Grove  Dam.  This  dam,  which  -was  for  the  purpose 
of  irrigation,  Avas  located  in  Arizona.  The  dam  was  over  400  feet  long 
on  top,  less  than  100  feet  at  the  bottom  and  about  110  feet  in  height. 
The  rain  which  caused  its  destruction  was,  like  that  of  the  South  Fork 
disaster,  unprecedented  in  volume,  which  only  goes  to  show  that  pro- 
vision must  be  made  for  greater  than  any  recorded  flow  of  water. 

Antiquity  of  the  Engineeking  Pkofession. 

At  the  annual  dinner  of  the  Boston  Society  of  Civil  Engineers,  early 
in  1889,  at  which  the  writer  represented  this  Society,  I  was  struck  with 
the  remark  made  by  President  Eliot,  of  Harvard,  that  the  profession  of 
the  engineer  is  the  oldest  known  to  history.  A  little  investigation  shows 
this  to  be  true,  as  long  before  either  law  or  medicine  became  a  science, 
and  when  the  priesthood  was  but  a  guild  of  charlatans,  man  was  obliged 
to  wrestle  with  the  facts  of  nature  and  with  the  conditions  in  which  he 
found  material  things.  We  have  long  been  accustomed  to  refer  to  the 
Roman  aqueducts  as  specimens  of  ancient  engineering,  and  they  are 
certainly  worthy  of  consideration.  A  treatise  by  Consul  Sextus  Julius 
Fontinius,  written  about  A.D.  50,  stated  that  there  were  then  aqueducts 
bringing  water  to  the  City  of  Rome  with  an  aggregate  capacity  of 
28  000  000  cubic  feet  per  day.  One  of  these  aqueducts  was  63  miles  long, 
6i  miles  of  which  were  on  arches,  some  of  them  over  100  feet  high.  The 
aqueduct  which  sui^plied  ancient  Carthage  is  stated  to  have  been  70 
miles  long  and  to  have  had  one  arcade  consisting  of  1  000  arches,  some 
of  them  100  feet  high.  It  is  stated,  however,  that  aqueducts  in  Peru, 
constructed  in  the  time  of  the  Incas,  far  exceeded  in  length  or  capacity 
any  other  aqueducts  of  ancient  or  modern  times,  some  of  them  being 
constructed  to  bring  water  for  irrigation  from  the  mountains  several 
hundred  miles  oflf.  The  practice  of  medicine  probably  first  received 
the  character  of  a  science  from  the  time  of  Hipi^ocrates,  who  was  born 
in  460  B.C.,  for  although  physicians  are  occasionally  referred  to  as  dis- 
ciples of  Esculajiius,  he  is  believed  to  have  been  rather  of  the  nature  of 
what  would  now  be  termed  a  quack.  The  Roman  civil  law,  to  which  all 
our  laws  refer,  was  first  codified  by  the  Emperor  Justinian,  and  as  Rome 
was  founded  in  535  B.C.,  Roman  law  cannot  go  back  to  an  earlier  date. 
Recent  explorations  in  Egypt,  a  description  of  which  is  given  by  Miss 
Amelia  B.   Edwards,   in  an  article  ujjon   the  ancient  Egyptian  City  of 
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Bubastis,  show  that  in  the  time  of  Mena,  about  5  000  B.C.,  a  dike  or 

dam  was  constructed,  which  turned  the  course  of  the  whole  River  Nile 

into  a  bed  several  miles   at  the   most  distant  point  from   its   former 

location,   thus  showing  that  at  that  remote  period  engineering  works 

were  undertaken  of  a  magnitude  which  finds  no   parallel   in  modfru 

times. 

Degree  of  Civil  Engineer. 

The  term  "Engineer"  is,  unfortunately,  in  this  country  a  very  mis- 
leading one.  In  addition  to  the  engineer  referred  to  by  our  Past  Presi- 
dent, William  E,  Worthen,  whose  professional  title  he  derives  from 
"  Le  Genie,"  genius,  and  going  still  further  back,  with  that  gallantry 
which  we  all  recognize  in  Past  President  Worthen  as  co-equal  with  his 
talent,  he  derives  the  latter  from  the  Greek  gune,  woman.  Certain  it  is 
that  without  woman  there  would  be  no  engineers,  because  without 
woman  the  human  race  would  have  continued  in  a  savage  state  with  no 
occasion  for  engineers  or  engineering — but  this  is  a  digiession  ;  what  I 
designed  to  say,  was,  that  we  ai)ply  the  term  engineer  alike  to  the  man 
who  designs  and  to  the  man  who  ojierates  the  engine,  and  worse  than  that, 
we  use  the  term  "Civil  Engineer  "  as  a  degree  conferred  by  colleges  and 
engineering  schools,  as  unmeaning  in  its  api)licutiou  in  many  instances 
as  the  LL.D.  formerly  bestowed  by  Harvard  without  discrimination 
upon  the  Governors  of  Massachusetts. 

It  is  gratifying  to  know  that  some  of  the  schools  (notably  the  Insti- 
tute of  Technology  of  Boston)  have  reformed  in  this  respect  and  are 
conferring  the  degree  of  S.B.  (Bachelor  of  Science)  alone  on  graduates 
from  any  of  their  regular  courses. 

The  degree  of  civil  engineer  is  one  which  is  not  properly  conferrable 
as  a  result  of  college  studies  alone,  and  the  title  should  not  be  api^li- 
cable  to  any  persons  who  have  not  had  a  certain  amount  of  experience 
and  practice  in  the  designing  and  construction  of  engineering  work;  in 
fact,  the  quahfications  required  for  membership  in  this  Society  should 
be  the  qualifications  entitling  any  one  to  use  the  title  "Civil  Engineer." 
I  desire  in  this  connection  to  repeat  what  I  have  previously  stated  in  a 
pai)er  read  before  the  Society,  that  the  curriculum  of  our  engineering 
schools  should  embrace  the  science  of  accounts  and  the  study  of  the 
law  of  contracts,  to  such  an  extent  as  to  enable  a  young  engineer  to 
keep  proper  accounts  of  his  expenditures  and  to  know  when  he  was 
transgressing  the  well-known  principles  of  law.     The  importance  of  a 
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knowledge  of  accounts  goes  without  saying,  and  the  desirability  of  at 
least  a  general  knowledge  of  the  law  of  contracts  is  easily  illustrated  by 
an  occurrence  within  my  knowledge. 

The  president  of  a  railroad  company  made  a  contract  for  the  timber 
and  lumber  for  the  construction  of  extensive  shops,  providing  for 
delivery  on  board  cars  at  the  saw-mill,  when  a  branch  road  should  be 
opened  to  that  point.  When  the  road  was  opened  the  material  was 
loaded  on  cars  and  forwarded  to  the  location  of  the  shops.  The 
engineer  in  charge  of  the  construction  of  the  shops  inspected  the  timber, 
rejected  a  very  large  portion  of  it  as  not  up  to  the  standard  of  specifica- 
tions, and  notified  the  contractor  that  it  was  held  suV)ject  to  his  order. 
The  engineer  did  not  even  take  the  precaution  to  measure  the  timber 
which  he  rejected,  or  to  take  any  account  of  it.  The  result  was  that  in 
due  time  the  contractor  brought  suit  for  the  value  of  all  the  timber 
which  he  had  loaded  on  the  cars,  and  by  making  his  proof  by  bis  own 
employees  that  he  had  loaded  certain  timber  on  the  cars,  the  company 
found  itself  estopped  from  introducing  the  testimony  of  the  engineer 
as  to  the  character  of  the  timber  received  at  the  shop  location,  for  the 
reason  that  the  contract  specified  delivery  on  cars  at  the  mill,  and  under 
the  law  of  contracts  the  inspection  and  rejection,  if  any,  must  take  jilace 
at  that  point.  The  mistake  cost  the  company  several  thousand  dollars, 
for  which,  of  course,  there  was  no  corresponding  benefit. 

Engineers  are  frequently  so  situated  that,  like  the  captain  of  a  ship, 
they  must,  for  the  time  being,  be  a  law  unto  themselves. 

American  Engineers  in  Europe. 

One  of  the  notable  events  of  the  past  year  was  the  visit  to  Europe  of 
the  American  Engineers,  composed  of  members  of  the  American  Society 
of  Civil  Engineers,  the  American  Society  of  Mechanical  Engineers,  and 
the  American  Institute  of  Mining  Engineers.  The  party,  which  included 
fifty-two  members  of  this  Society  and  thirty-three  ladies  accompanying 
them,  left  New  York  during  the  last  week  of  May  and  first  week  of  June, 
and  met  with  a  most  courteous  and  enthusiastic  reception  from  the  Insti- 
tution of  Civil  Engineers  of  Great  Britain,  the  Institute  of  Mechanical 
Engineers,  and  the  Iron  and  Steel  Institiite  of  Great  Britain,  the  Society 
of  Civil  Engineers  of  France,  and  quite  a  number  of  corporations  and 
individuals  throughout  Great  Britain,  France  and  Germany.  The  most 
notable  courtesy  shown  to  the  party  was  probably  the  dinner  given  by 
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the  Institution  of  Civil  Eugineers  in  tlie  Guildhall  of  tlie  City  of 
London,  by  the  express  sanction  of  the  city  authorities.  This  marked 
courtesy  Avas  particularly  striking,  inasmiich  as  a  similar  courtesy  had 
been  extended  but  once  before  to  any  non-municipal  visiting  party  to 
London,  While  the  excursion  was  not  in  any  sense  a  Society  matter, 
every  member  of  the  Society  must  feel  a  gratification  in  the  fact  that  its 
members  were  so  cordially  received  by  their  brethren  and  by  notable 
personages  abroad.  It  may  be  stated  in  this  connection  that  a  large 
jiarty  composed  of  members  of  the  Iron  and  Steel  Institute  of  Great 
Britain  and  the  kindred  societies  of  Germany,  -will  visit  this  country  in 
October  next,  and  this  Society  has  been  cordially  invited  to  co-operate 
in  their  entertainment.  Your  jirincipal  executive  officers  have  been 
given  prominent  places  on  the  Committee  of  Arrangements,  and  such  of 
your  members  as  are  able  to  do  so  are  cordially  invited  by  the  Com- 
mittee to  participate  in  a  welcome  to  our  foreign  guests. 

These  and  similar  courtesies  tend  greatly  to  improve  the  standing  of 
the  profession,  and  thereby  indirectly  benefit  its  members. 

Expert  Testimony. 

I  take  this  opportunity  to  indorse,  from  a  purely  professional  point 
of  view,  and  also  from  a  regard  for  the  personal  interest  of  the  members 
of  our  profession,  what  was  so  well  and  wisely  said  by  Past  President 
"Worthen  in  regard  to  the  testimony  of  experts. 

Nothing  can  be  more  unseemly  than  to  see  two  eminent  members  of 
any  profession  each  striving  to  earn  his  fee  by  stating  such  facts  or 
giving  such  opinions  only  as  make  for  the  side  by  which  he  is  retained. 
The  dififerences  of  oinnion  which  naturally  must  exist  are  thereby  stimu- 
lated and  intensified  until  all  respect  for  scientific  opinions  is  lost  by  the 
laymen,  who  have  no  knowledge  of  the  subject. 

It  has  long  been  my  opinion  that  the  expert  witness  should  be  called 
l)y  the  Court,  and  that  he  should  be  allowed  to  state  facts  and  opinions, 
freed  from  the  trammels  of  the  snppressio  reri  so  often  employed  by  the 
attorneys  on  either  side.  It  mi^ht  result  in  some  of  my  professional 
brethren  receiving  less  fees,  but  it  would  be  to  the  benefit  of  the  profes- 
sion and  the  cause  of  justice. 
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Neckology. 

Our  necrological  record  during  the  past  year  is  particularly  sad. 
We  mourn  the  loss  of  three  Past-Presidents,  two  of  them  Honorary 
Members;  eight  Members,  three  Fellows  and  one  Subscriber. 

To  many  of  us,  the  faces  of  our  Honorary  Members,  Horatio  Allen 
and  "William  J.  McAlpine,  had  become  familiar  as  among  our  earliest 
recollections  of  the  Society,  while  in  the  loss  of  Past-President  Fred. 
Graif  and  Major  Otho  E.  Michaelis,  the  Society  has  sustained  losses 
which  cannot  be  replaced. 

I  cannot  close  this  address,  without  again  calling  the  attention  of  our 
membership  to  the  importance  of  care  and  accuracy  in  all  their  acts  and 
statements.  The  engineer,  of  all  men,  cannot  afford  to  be  careless,  to 
make  loose  or  unauthorized  statements,  to  give  opinions  for  which  he 
has  no  data,  or  to  do  any  act  even  of  so  unimportant  a  nature  as  sending 
in  a  ballot  to  this  Society,  without  carefully  considering  and  complying 
with  all  the  necessary  forms  and  being  sure  of  his  facts.  To  the  young 
engineers  especially,  I  would  say,  guard  well  your  facts,  let  your  esti- 
mates be  based  on  known  or  ascertained  data,  not  guesses  based  upon 
nothing.  Great  odium  has  been  brought  upon  the  profession  from  the 
fact  that,  from  one  cause  or  another,  the  estimate  of  the  engineer  is  too 
generally  below  the  resulting  cost,  often  far  below,  until  capitalists 
when  shown  the  anticipated  cost  of  a  work  in  which  they  are  asked  to 
invest,  will  often  say,  "Oh,  that  is  only  an  engineer's  estimate." 

It  is  on  record  that  the  actual  cost  of  the  original  Croton  Aqueduct, 
when  completed  for  use,  was  less  than  1  per  cent,  in  excess  of  the 
original  estimate  made  by  that  careful  engineer,  our  late  esteemed  Mem- 
ber, John  B,  Jervis. 

By  a  careful  study  of  all  the  facts,  it  is  possible  to  make  our  estimates 
bear  a  much  more  satisfactory  relation  to  the  cost,  than,  in  large  works 
especially,  has  generally  been  the  case. 

This  principle  should  not  be  confined  to  matters  of  costs.  In  ques- 
tions of  any  kind  upon  which  an  opinion  is  to  be  given  or  a  statement 
is  to  be  made,  let  it  be  based  upon  the  best  jDossible  ascertainment  of 
the  facts,  for  the  statement  of  the  civil  engineer  should  "import 
absolute  verity." 

The  Society  is  growing,  its  influence  is  widening,  and  its  poAver 
increasing,  but  whether  or  not  for  good,  must  depend  upon  the  interest 
taken  by  its  members. 
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The  life-blood  of  the  Society  is  in  its  papers  and  discussions.  When 
interesting  pai)ers  flow  in,  interest  is  stimulated,  discussions  follow, 
and  by  the  interchange  of  opinions  and  experiences,  the  membership  is 
benefited. 

Most  engineers  have  some  experiences  ■which  are  unique — they  should 
be  reported.  Papers  need  not  necessarily  be  long,  or  cover  the  whole  of 
a  subject,  and  every  member  should  contribute  what  he  can  to  the 
general  fund  of  knowledge  and  experience,  and  thus  the  Society  can  be 
made  to  expand  in  membership,  in  influence  and  in  value,  until  it  shall 
embrace  all  the  members  of  our  noble  profession  on  this  continent,  with 
a  few  from  the  old  hemisphere,  and  it  will  become  in  fact,  what  it  has 
long  been  in  name,  The  Ajiekioan  Society  of  Civiij  Engineers. 
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A  METHOD  OF  TAKING  CROSS-SECTIONS  IN  DEEP 
EOCK  CUTS  BY  TRIANGULATION. 


By  F.  W.  Watkins,  M.  Am.  Soc.  C.  E. 


In  tlie  construction  of  the  New  York,  Ontario  and  Western  Railroad, 
a  very  heavy  cut  was  required  for  the  approach  to  the  Western  Portal  of 
the  Weehawken  Tunnel. 

This  cut  was  nearly  half  a  mile  long  and  increased  in  depth  until  at 
the  Portal  it  was  100  feet  deeja. 

The  material  excavated  varied  very  much  in  classification,  but  was 
largely  in  rock  of  different  degrees  of  hardness,  from  hard  and  compact 
trap  to  a  soft  and  friable  sandstone  that  would  crumble  in  the  fingers. 

Under  the  contract,  the  material  was  classified  into  earth,  hardpan, 
loose  rock  (that  could  be  removed  with  a  pick  without  blasting),  solid 
rock  (that  required  blasting),  and  the  depth  and  classification  of  each 
stratum  could  only  be  determined  as  the  work  progressed.  The  final  width 
of  the  cut  at  the  surface,  and  the  slope  at  which  the  material  would  stand, 
could  not  be  determined  until  hard  solid  rock  was  reached. 

The  character  and  depth  of  the  cut  required  that  it  should  be  excavated 
in  benches  or  steps.  The  work  was  done  by  the  use  of  two  steam  shovels, 
and  the  material  removed  by  trains  of  narrow  gauge  railroad  dump- 
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ing  cars.  Starting  in  at  the  upper  levels,  making  a  cut  or  trench,  back- 
ing down  to  make  one  or  more  cuts  to  widen  out  the  excavation,  and 
then  going  back  to  start  in  again  at  a  lower  level,  and  continuing  this 
l^rocess  until  the  grade  of  the  road-bed  Avas  reached. 

This,  of  course,  resulted  iu  a  very  ragged  cut  during  construction. 

On  one  side  of  the  cut  the  rock  was  so  soft  at  several  points  that  it 
would  not  stand  at  the  slope  proposed,  and  sloughed  off  in  large  slices, 
and  the  earth  strata  above  it  had  to  be  widened  out  and  trimmed  down. 

The  time  required  to  complete  the  excavation  was  about  two  years, 
and  at  its  close  it  was  necessai-y  to  re-cross  section  it  for  a  final  estimate. 

In  the  deepest  part  of  the  cut,  the  elevations  of  the  top  of  the  sections 
at  the  final  slope  stakes,  and  of  the  road-bed  at  the  bottom,  were  easy  to 
obtain  by  leveling,  but  at  the  "intermediates,"  on  the  steep  earth  and 
rock  slopes,  many  places  could  only  be  reached  by  ladders,  or  by  lower- 
ing a  man  with  a  rope,  which,  it  being  the  winter  season,  was  attended 
with  some  danger. 

Triangulation  by  horizontal  and  vertical  angles  was  then  resorted  to, 
and  the  cross-sections  were  taken  with  ease  and  accuracy. 

From  four  to  six  sections  were  to  be  taken  in  each  100  feet.  The 
center  line  of  the  double  track  road-bed  was  taken  for  a  base  line,  and 
centers  and  grade  pegs  carefully  marked  for  each  station  and  section. 

A  transit  with  a  vertical  circle  and  horizontal  level  tube  attached 
to  the  telescope  was  then  set  on  the  center  line,  from  150  to  200  feet 
from  the  cross-section  to  be  taken,  and  the  elevation  of  the  center  of  the 
telescope  above  the  grade  measured. 

Two  men  were  stationed  at  the  slope  stakes  for  the  section  to  be 
taken,  on  each  side  of  the  cut,  and  carried  between  them  a  long  piece  of 
twine,  at  the  middle  of  which  a  small  bright  plum-bob  was  susisended. 
This  plum-bob  was  drawn  across  the  cut,  lowered  and  raised  to  touch 
each  point  desired  for  the  section,  and  the  horizontal  and  vertical  angles 
to  that  point  measured  with  the  transit  and  recorded  in  the  field-book. 

A  simple  niultiijlication  of  the  length  of  the  base  line  for  that  section 
into  the  natural  tangents  of  the  horizontal  angles,  gave  the  distances  out 
from  the  center. 

The  horizontal  base  line,  for  the  vertical  triangulation,  would  be  the 
hypotenuse  of  the  rijj;ht  angle  triangle  of  which  the  center  line  base 
and  '•  distance  out  "  were  the  two  sides,  or  equal  to  the  secant  of  the 
horizontal  angle  for  a  radius  equal  to  the  base. 
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Dividing  the  "base  "  by  the  cosine  of  the  horizontal  angle  gives  the 
secant,  or  horizontal  base,  for  the  vertical  angles.  This  calciilated  base, 
multiplied  by  the  natural  tangent  of  the  vertical  angles  plus  the  height 
of  instrument,  gives  the  corresponding  elevation  of  the  points  selected 
for  the  cross-section. 

As  many  sections  as  could  be  conveniently  seen  from  the  station 
of  the  transit  being  taken,  the  instrument  was  removed  to  another 
station. 

The  elevations  at  the  slope  stakes  for  each  section  being  taken  inde- 
pendently, by  leveling,  and  their  "distance  out"  checked  from  reference 
stakes,  afforded  an  excellent  check  on  the  correctness  of  the  triangu- 
lations. 

About  twenty-five  cross-sections,  iu  the  deepest  part  of  the  cut, 
were  taken  by  this  system,  and  the  rest  of  the  ciit  measured  in  the  usual 
way. 

The  notes  were  entered  in  the  field  book  in  the  following  form : 

Station  of  Transit  (45  -f  50). 

Station  of  Cross-section  (43  +  50).     Base  line,  200'. 

Grade  of  Section  Elev.,  10.00;  H.  I.  above  grade,  4.50. 
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All  the  angles  and  necessary  data  being  measured  and  entered  in  the 
field  book  columns  (1),  (6)  and  (9);  the  calculations  and  extensions  were 
made  in  the  office. 
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CALCULATIONS  OF  THE  MEAN  HORSE-POWER 
OF  A  VARIABLE  STREAM  AND  THE  COST  OF 
REPLACING  THE  POWER  LOST  BY  A  PARTIAL 
DIVERSION  OF  THE   FLOW. 


By  WiLiiiAM  H.  Grant,  M.  Am.  Soc.  C.  E. 


WITH  DISCUSSION. 


The  City  of  New  York,  in  diverting  a  part  of  the  waters  of  the  Bronx 
Kiver  to  reinforce  the  Croton  supi>ly,  necessarily  diminished  the  natural 
vohime  of  the  stream  flowing  through  the  Bronx  Valley;  from  this  arose 
legal  questions  and  claims  on  the  part  of  projierty  owners  affected,  and 
the  matter  thus  came  before  a  Commission  which  was  duly  appointed 
to  receive  testimony  as  to  alleged  grievances  and  to  award  compensation 
in  cases  where  it  was  found  to  be  due.  I  was  employed  on  the  part  of 
several  of  the  proi^erty  owners  to  aid  them  in  presenting  their  claims 
l)efore  the  Commission.  Their  claims  were  mostly  of  a  nature  requiring 
some  knowledge  of  hydraulic,  sanitary  and  landscape  engineering  to 
develop  them  and  put  them  in  a  presentable  shai)e. 

I  will  only  in  this  paper  deal  with  the  hydraulic  questions;  it  will  not 
be  out  of  place,  however,  to  say  that  the  claims  which  arose  on  sanitary 
grounds  were  not  Avithout  reason,  as  may  be  judged  from  the  general 
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fact  that  a  large  stream  flowing  tlirough  an  alluvial  formation,  with,  in 
many  places,  a  wide  shallow  channel,  was  diminished  about  one-half  in 
volume,  exposing  an  oozy  bed  and  reducing  the  cleansing  power  of  the 
stream,  which  received  a  considerable  amount  of  impure  drainage.  The 
question  of  health  was  of  so  serious  a  nature  as  to  justify  a  searching 
investigation ;  also,  claims  for  impairing  the  landscape  features  of  taste- 
fully improved  property,  where  wide  expanses  of  water,  rippling  currents 
and  other  accessories  constituted  in  the  minds  of  their  possessors  ele- 
ments of  value,  could  not  be  reasonably  ignored.  If  an  artistic  land- 
scape on  canvas,  which  is  at  best  but  an  imperfect  transcript  of  nature's 
handiwork,  is  impaired  in  intrinsic  value  by  a  blemish,  the  scene  from 
which  it  is  taken  may  also  be  considered  to  suffer  in  value  by  a  like 
casualty. 

The  hydraulic  claims  were  for  diverting  and  reducing  the  water 
power  of  the  stream  for  mechanical  purposes.  The  following  is 
selected  as  one  of  the  most  prominent  cases  in  which  I  was  employed. 
The  property  is  situated  7j  miles  below  the  dam  by  which  the  diversion 
of  the  Bronx  was  made  into  the  conduit  which  conveys  the  water  to  the 
City  of  New  York.  The  entire  stream  is  cut  off  by  the  dam  and  only 
the  water  supplied  by  the  drainage  of  the  country  below  the  dam  falls 
into  the  old  channel  of  the  stream.  The  first  questions  to  determine 
were,  how  much  water  the  stream  carried  at  the  point  7^^  miles  below 
the  dam,  before  its  diversion,  and  how  much  remained  for  effective  use 
after  the  diversion. 

The  available  fall  of  the  stream,  through  the  property  of  the  claim- 
ant, in  a  distance  of  4  000  feet,  was  10  feet,  so  that  the  quantities  above 
mentioned,  resijectively,  being  known,  the  horse-power  of  the  stream, 
before  and  after  the  diversion,  and,  consequently,  the  loss  of  power, 
could  readily  be  ascertained. 

No  gaugings  of  the  stream  could  be  obtained;  none  probably  had  ever 
been  made  of  any  value;  time,  of  course,  could  not  be  afforded  to  make 
them.  Beyond  a  few  flood  marks  which  were  pointed  out  at  dams  on 
the  stream  and  some  vague  information  as  to  the  minimum  flow,  no 
direct  data  were  attainable.  Under  these  circumstances  it  was  necessary 
to  look  to  other  sources  for  the  means  of  solving  the  problem. 

Monthly  observations  of  rain-fall  had  been  made  by  the  Croton 
Aqueduct  Department,  at  the  site  of  the  Bronx  Dam,  during  a  period  of 
four  years.    On  comparing  these  with  observations  by  the  same  depart- 
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ment,  in  the  Croton  basin,  for  twelve  years,  the  mean  results  were  found 
to  agree  very  nearly.  This  was  satisfactory  information  so  far.  If  the 
tlow-oflf,  or  collectible  watei',  in  the  two  cases  could  be  made  to  apjiear 
similarly  identical,  in  proportion  to  their  respective  drainage  areas,  then 
the  means  sought  for  were  at  hand.  It  was  found  from  the  testimony  of 
engineers  whose  attention  had  been  specially  called  to  the  subject,  that 
the  characteristics  aflfecting  the  disohai'ge  of  rain-fall  of  the  two  drain- 
age areas  were  very  similar;  this  accorded  with  my  own  view  from  a  gen- 
eral knowledge  of  the  h^calities.  The  centers  of  the  areas  ai-e  but  about 
20  miles  apart;  the  geological  conditions  are  mainly  the  same,  and  the 
improved  or  cleared  surfaces  are  not  very  unequal.  From  these  circum- 
stances it  was  believed  to  be  safe  to  adopt  for  the  Bronx  the  rain-fall 
and  the  flow-ofif  of  the  Croton  basin  as  observed  and  oflBcially  reported 
for  a  period  of  twelve  years.  (Report  of  Commissioner  of  Public 
Works,  1882.)  In  regard  to  the  rain-fall,  it  may  be  remarked  that 
the  Croton  records  show  an  increased  amount  over  that  of  the  Croton 
basin  as  we  ai)proach  tide  water,  thus : 

Inches. 

The  mean  rain-fall  in  Croton  basin  in  twelve  years  is 41 . 6 

at  Sing  Sing         "eleven         "      78.6 

atTarrytown        "       "  "      50.5 

at  Kingsbridge     "       "  "      52.7 

From  this  it  might  be  assumed  that  the  rain- fall  of  the  Bronx  area 
(20  miles  nearer  tide  than  that  of  the  Croton)  would  be  somewhat  in 
excess  of  the  latter,  and  would  consequently  give  a  greater  proportional 
flow-oflf.  I  did  not,  however,  take  this  into  account.  It  is  quite  prob- 
able that  if  the  observations  for  the  Bronx  had  been  extended  through 
as  long  a  period  as  those  of  the  Croton  the  mean  result  would  have  been 
larger.*  In  view  of  this,  and  also  of  the  farther  probability  of  a  larger 
percentage  of  flow-oflf  for  the  Bronx,  consequent  upon  its  greatly 
reduced  area  from  that  of  the  Croton,  I  believe  the  point  would  not 
have  been  over-strained  had  I  used  a  flow-ofl'  a  little  above  that  of  the 
Croton  mean. 

The  Croton  record  shows  a  mean  rain-fall  of  14.6  inches,  and  a  flow- 
otf  or  collectible  result  at  the  Croton  Dam  and  entrance  to  the 
aqueduct  of  51  per  cent,  of  the  rain-fall. 

•  If  this  is  correct  it  is  probably  owing  to  local  causes  akin  to  those  which  contribute 
to  the  excessive  rain-fall  at  biug  Sing. 
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Tlie  latter  data,  therefore,  govern  the  following  computations,  which 
are  condensed  into  tabular  form: 

First. — The  mean  effective  horse-power  of  the  Bronx  in  its  normal 
condition  before  diversion. 

Table  No.  1. — This  table,  covering  twelve  years  of  the  Croton  record, 
shows,  in  the  columns  a,  the  mean  theoretical  monthly  horse-iDOwer  of 
the  stream  at  its  entrance  upon  the  property  of  the  claimant  (in  con- 
nection with  a  fall  of  10  feet),  as  deduced  from  the  flow,  the  latter  being 
obtained  from  the  Croton  record  by  using  a  proportion  which  the  drain- 
age area  of  the  Bronx  bears  to  that  of  the  Croton.  In  order  to  abridge 
the  table  the  preliminary  figures  are  omitted.  Next,  it  was  necessary  to 
determine  how  the  power  could  be  utilized;  this  could  best  be  done, 
without  much  doubt,  by  the  use  of  turbine  water-wheels.  The  range  of 
the  monthly  horse-i)owers,  as  shown  in  columns  a,  was  so  great  that  a 
single  turbine  could  not  be  employed  without  incurring  a  serious  loss 
of  power;  therefore  two  turbines  were  selected  of  different  powers — one 
of  125  horse-power  and  one  of  45  horse-power.  By  this  arrangement, 
when  the  flow  exceeded  125  horse-power,  as  it  will  be  seen  it  does  in 
several  instances,  the  smaller  turbine  would  be  brought  into  requisition 
to  work  up  the  additional  power,  having  previously  worked  up  the 
smaller  horse-powers  below  45.  The  two  turbines  could  not,  of  course, 
work  up  the  full  power  of  the  variable  flow  except  when  the  flow  corre- 
sponded with  their  separate  or  combined  capacities.  The  losses  of  power 
incurred  in  this  way,  as  is  well  known,  are  unavoidable  in  a  fluctuating 
stream,  and  coiild  only  be  reduced  in  this  case  by  employing  an  addi- 
tional number  of  turbines,  and  this  was  not  considered  expedient. 

In  order  to  facilitate  and  simplify  the  calculations,  the  horse-jiowers 
in  columns  a  are  modified,  dropping  fractions  and  otherwise  slightly 
varying,  but  mainly  reducing  the  amounts,  as  shown  in  the  transfer  of 
the  modified  figures  to  column  b.  The  object  of  this  will  more  clearly 
appear  in  the  succeeding  tables.  A  small  loss  of  power  is  incurred  (4^ 
per  cent.)  by  these  modifications,  which,  with  some  other  slight  losses, 
it  will  be  seen  further  on  are  mainly  neutralized  in  the  calculations,  a 
rery  small  loss  only  going  to  the  side,  avoiding  excess  in  the  general 
result. 
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Table  No.  2. — This  table  consists  of  the  summing  up,  in  column  A  Ay 
of  the  total  number  of  months  in  which  each  grade  of  horse-power  from 
10  to  170  in  Table  No.  1,  column  b,  occurred  during  the  twelve  years  of 
the  Croton  record;  thus,  in  Table  No.  1,  columns  b,  a  monthly  horse- 
power of  50  occurs  nine  times,  and  the  number  9  is  placed  in  column  A  A, 
Table  No.  2,  oi^posite  the  50-horse-power,  etc.  This  is  a  preparatory 
basis  from  which  the  mean  yearly  horse-power  is  next  to  be  obtained. 
The  two  classes  of  turbines  selected  for  utilizing  the  power  are  desig- 
nated in  their  respective  jjositions  in  the  table,  and  the  number  of 
months  shown  during  which  each  turbine  runs  alone  and  works  up  the 
available  jjower  without  the  aid  of  the  other;  also  the  number  of  months 
during  which  the  two  turbines  work  in  concert. 

TABLE  No.  2. 
Theoretical  Horse  power  of  the  Bronx — Continued. 


Horse- 
power. 


May. 


June. 


July. 


Aug. 


Sept. 


Oct. 


Nov. 


Dec. 


Jan. 


Feb. 


Mar. 


April. 


AA. 


45-HoRSE-powER  Turbine. 


10 
15 
20 
25 
35 
40 
45 


*50 

*55 

60 

75 

85 

95 

105 

115 

125 


10 
25 
40 
45 


1 
5 
3 
1 
1 

3 
5 

1 

I 

4 
2 

4 
1 

1 

1 
2 

"i" 

'"2" 

2 

4 
2 
2 

1 
2 
1 

9 
2 
1 

I 



1 
"i" 

1 

1 

1 

1 

1 

1 

2 
3 

12 

5-HoRS 

1 


E-POWi 
1 

CR  Ttjr 

1 

BINE. 
2 

2 

1 

2 

1 
1 

2 

■"2" 

"i" 

1 
1 

"5" 

2 

1 

2 
2 
2 

"i" 

1 
2 
2 
2 
1 
3 

1 

1 

2 


...... 

3 

1 

i 

4 

5-HoR 

1 

3E-P0W 

ER   TlJI 

IBINE- 

-Assist 

ing. 

2 
1 

1 

1 
2 

1 

1 

7 
34 

14r 

12 

e 
5 

6 


9 
6 
5 
5 
6 
6 
5 
6 
12 


Table  No.  3. — This  table  will  explain  the  continued  process.  The 
first  column,  b,  gives  the  several  grades  of  the  theoretical  horse-power 
employed  in  the  computations  (as  in  Table  No.  2).  Columns/ and  ^ 
give  the  proi^ortional  number  of  days'  duration  due  to  each  grade  of 
horse-power  in  one  year;  they  are  obtained  by  the  following  proportion: 
As  144  months  are  to  365  days,  so  are  7  months  {AA,  Table  No.  2)  to 
17.74  days,  as  in  column/;  and  for  column  g  the  proportion  is,  as  144 
months  are  to  310  days,  so  are  7  months  to  15.07  days,  etc.     These  fig- 


*  Transferred  to  45  horse-power  turbine,  Table  No.  3,  as  there  is  a  gain  of  power  by  it. 
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TABLE  No.  3. 

"  EfFECTTV'E  "    HoKSE-rOWER   OF  THE   BbONX. 


b. 

c. 

d. 

«. 

/• 

0- 

h. 

V 

o 

1 

1  o 

1 

i 

"a 

CO 

o  -2 

S.fl 

X 

o 

o 
W 

i-^ 

<«  2 

■3 

o 

o 

oX 

cc  o 
a 

bed 
0J2 

it 

1^ 

a 

to 

oc  o 

C3 

■3£ 

a^ 

1 
1^ 

CO 

46-HOR8E-POWEB  TUKDIXE. 

6—45 

10 

.22 

.31 

3.1 

17.74 

15.07 

46.72 

IS 

.33 

.49 

7.4 

86.18 

73.19 

541.61 

20 

.U 

.88 

11.6 

35.49 

30.14 

349.62 

2". 

.65 

.65 

16.2 

30.42 

25.8:J 

418.45 

35 

.78 

.76 

26.6 

15.21 

12.92 

343.67 

40 

.89 

.80 

32.0 

12.07 

10.76 

344.32 

45 

Full. 

.80 

36.0 

15.21 

12.92 

465.12 

*45 

" 

.80 

3fi.0 

22.81 

19.37 

697.32 

*45 

•  1 

.80 

36.0 

15.21 

12.92 

465  12 

3  671.95 

125-HoRSE- 

POWER   TCHBINE. 

6  -:-125 

60 

.48 

.61 

36.6 

12.67 

10.76 

393.82 

75 

.60 

.68 

51.0 

12.67 

10.76 

548.76 

85 

.f.8 

.72 

61.2 

ir,.21 

12.32 

790.70 

93 

.76 

.75 

71.2 

15.21 

12.92 

919.90 

105 

.84 

.79 

82.9 

12.67 

10.76 

892.00 

115 

.92 

.80 

112.0 

15.21 

12.92 

1  188.64 

125 

Full. 

.80 

100.0 

30.42 

25.83 

2  583.00 

7  316.82 

45- 

HORSE-POWE 

R  Turbine— 

Assisting. 

6-^    45 

16 

.33 

.49 

7.4 

2.53 

2.15 

15.91 

as 

.65 

.65 

16.2 

5.07 

4.30 

69.66 

40 

.89 

.80 

32.0 

5.07 

4.30 

137.60 

45 

Full. 

.80 

36.0 

12.67 

10.76 

387.36 

610.63 

11  599.30 

11  599. 

30 

310 

— =  37.41  '  Eflfective"  Horse-power. 

urea  having  been  obtained,  they  will,  when  inultipliecl  into  the  corre- 
sponding horse-power,  give  the  total  horse-power.  The  hor.^e-power 
wanted  is  the  efifective  horse-power;  therefore,  this  must  be  ascertained 
for  the  multiplier.  Column  c  shows  the  first  step  in  the  process  of  obtain 
ing  it;  it  gives  the  percentage  of  "gate"  or  flow  due  to  the  turbine 
emjiloyed,  for  each  grade  of  theoretical  horse-power,  column  b ;  i.  e., 
taking  the  45-horse-powcr  turbine  for  an  example;  when  it  is  running 
with  a  flow  of  4.5  horse-power  it  will  be  at  "  full  gate;"  when  the  flow  is 
reduced  to  35-horse-power  the  gate  will  be  so  far  closed  as  to  pass  only 

*  See  note,  Table  Xo.  2. 
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that  flow,  or  instead  of  being  at  "  full  gate,"  it  -will  be  at  ff  or  78  -per 
cent,  gate,  and  so  on.  Next,  these  percentages  are  accompanied  by- 
losses  of  power  in  the  tnrbiue,  and  the  correction^  for  the  losses  must 
be  applied  to  obtain  the  effective  power.  Column  d  gives  the  ratio  or 
percentage  of  eflfective  power  due  to  the  several  grades  of  horse-power 
of  column  b.  These  ratios  have  been  ascertained  by  numerous  tests 
of  the  working  of  turbine  water-wheels  by  different  experimenters.  I 
have  adopted  very  closely  those  of  Mr.  Francis,  Past  President  of  the 
Society,  as  given  by  him  in  Vol.  XIII  of  the  Transactions  of  the 
Society. 

These  ratios,  column  d,  multiplied  into  the  horse-jDOwers  of  column 
b,  give  the  eflfective  horse-powers  of  column  e.  Finally,  the  effective 
horse-powers  of  column  e,  multiplied  into  the  corresi)onding  number 
of  days'  duration  in  column  g,  gives  the  total  eflfective  horse-powers  of 
column  h.  Then,  the  footings  of  column  ?i,  11  599.30,  divided  by  310, 
gives  the  result  of  37.41  as  the  mean  eflfective  horse-power  for  310  work- 
ing days  of  the  year. 

Second. — The  mean  eflfective  horse-power  of  the  Bronx  after  the 
diversion  of  45  per  cent,  of  the  normal  flow. 

The  computations  which  followed  were  similar  to  those  for  the 
normal  flow,  and  the  tabular  statements  are  omitted.  The  table  corre- 
sponding with  Table  No.  1  is  the  same  as  that  table,  with  a  rediiction  of 
45  per  cent,  of  the  quantities.  In  the  table  corresiDonding  with  Table 
No.  2,  two  turbines  are  employed,  one  of  30  and  one  of  70  horse-power. 
The  table  corresponding  with  Table  No.  3  gives: 

Horse-power. 

For  the  30-horse-power  turbine 223.9  days  run  and    2  175.48 

For  the  70-horse-power  turbine 86.1  days  run  and    3  821.46 


Making  totals  of 310.0  days  run  and    5  996.94 

To  the  horse-power  is  added  for  the  30-horse-i3ower  turbine, 
while  assisting  (19.5  days) , 340.74 


Making  in  all ' 6  337.68 

In  consequence,  however,  of  the  reduced  flow,  the  30-horse- 
power  turbine  has  run  (alone)  49.5  days  with  only  1.2-horse- 
power  (see  Diagram  B,  Plate  LXVII),  making 59.40 

I  discard  this,  regarding  it  as  too  small  to  be  of  practical 
value.  This  leaves,  deducting  49.5  from  310  days,  260.5 
days'  run  and 6  278.28 

Then    ^r-rv \  =  24.1  effective  horse-power. 
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Reference  is  made  to  Diagram  B  to   explain  more  particu- 

lurly  the  latter  table. 

We  have  now,  for  the  purjiose  of  ascertaining  the  amonnt  of 
power  lost  (and  to  be  replaced),  the  total  hor8e-i:)ower  of  the 
original  stream  as  shown  by  Table  No.  3 11  599.30 

And  the  total  horse-power  of  the  stream,  after  the  diversion, 
as  last  above 6  278.28 

The  difference  is  the  amount  of  horse-power  lost 5  321.02 

5  321.02 
This  is  to   be  replaced   (see  Diagram  B)  in  237  days,  and    — ^r— ^ — 

gives  22.5  as  the  average  horse-power  operating  237  days  in  the  year,  to 
replace  it. 

This  concludes  the  calculations  as  to  horse-power. 

In  order  to  bring  out  a  practical  result,  it  was  necessary  to  ascertain 
the  money  value  of  the  power  lost;  or  more  distinctly,  what  the  claimant 
desired,  the  cost  of  utilizing  the  water-power  remaining  after  the  diver- 
sion and  the  cost  of  the  supi)lemented  power  required  to  bring  up  the 
standard  to  his  original  power. 

The  following  additional  calculations  were  made  for  this  purpose. 

The  lost  power  could  not  be  replaced  by  water,  and  steam-jiower 
was  consequently  resorted  to.  An  average  of  22.5  horse-jjower  for  237 
days  in  a  year  was  wanted,  as  shown  above;  the  maximum  horse-power 
required  was  33,  as  shown  by  Diagram  B,  and  a  35-horse-power  engine 
was  selected  for  the  duty. 

To  arrive  at  a  clear  result,  it  will  be  seen  that  it  was  necessary  to 
obtain : 

{a)  The  cost  of  utilizing  the  original  power  of  the  stream; 

{b)  The  cost  of  utilizing  the  power  of  the  stream  remaining  after 

the  diversion,  and 
(c)   The  cost  of  the  supplemented  steam  power. 

Then  6  +  c  —  a  would  express  the  measure  of  the  loss  incurred. 

As  no  works  had  been  constructed  for  utilizing  the  water-power,  a 
survey  of  the  ground  was  made  upon  which  to  base  a  proper  plan  for  a 
dam  and  other  appurtenances,  for  estimates  a  and  b.  The  facilities  for 
the  work  were  very  favorable. 
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The  following  are  the  estimates: 

Estimate  a,  of  the  cost  of  utilizing  the  normal  flow  of  the  Bronx  Kiver 
by  turbine  water  wheels,  running  day  and  night  during  310  days  in 
each  year,  at  37.4  mean  horse-power. 

Outlay. 

Dam,  race,  turbine  chambers,  etc $7  000  00 

House 400  00 

One  125-horse-power  and   one  45-horse-power 

turbine 1  900  00 

Gearing  to  connect  turbines 80  00 

Superintendent  constructing  work 1  200  00 

Tools  for  repairs,  stove,  etc 85  00 

810  665  00 
Eenewal  in   twenty    years,    45.3   per   cent,    on 
$3  500 1  585  50 

Opekating  and  othee  Annual  Expenses. 

One  attendant,  310  days,  at  $1  50 $465  00 

Oil  per  day,  at  75  cents 232  50 

Fuel  in  winter 25  00 

Repairs  of  machinery  and  other  work.  100  00 

Insurance  on  ^3  500 18  00 

Taxes  on  89  500 106  00 

8946  50 
$946  50  capitalized  at  6  per  cent 815  775  00 

Total 828  025  50 
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Estimate  h,  of  the  cost  of  utilizing  the  remaining  flow  of  the  Bronx 
after  the  diversion  of  45  per  cent,  of  the  normal  flow,  bj  turbine 
water-wheels,  running  day  and  night  during  261  days  in  each 
year,  at  24. 1  mean  horse-power. 

Outlay. 

Dam  and  appurtenauces  as  per  estimate  a ^7  000  00 

House 350  00 

One  70  and  one  30-horse-power  turbine 2  100  00 

Gearing  to  connect  turbines G5  00 

Superintendent  of  construction 1  200  00 

Tools  for  rei^airs,  stove,  etc 75  00 

SIO  790  00 
Renewal  in  twenty  years  on  $3  600,  at  45.3  per 

cent 1  630  80 

Operating  and  other  Annual  Expenses. 

One  attendant,  261  days,  at  SI  50 ^391  50 

Oil  per  day,  at  60  cents 156  60 

Fuel  in  winter 25  00 

Repairs 80  00 

Insurance  on  S2  600 12  50 

Taxes  on  SO  900 Ill  00 

S776  GO 
$776  60  capitalized  at  6  per  cent !512  943  33 

Total S25  364  13 
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Estimate   c,  of  the  cost   of   steam-power  to    replace  the   water-power 
diverted  from  the  Bronx. 

Outlay. 

One  35-horse-power  engine  and  boiler,  setting 

same,  etc $3  000  00 

Gearing  to  connect  engine  and  turbine 75  00 

Extension  of  turbine  house 100  00 

Tools,  in  addition  to  tools  for  turbine 60  00 

$3  235  00 
Renewal  in  twenty  years,  at  45.3  per  cent 1  465  46 

Operating  and  other  Annual  Expenses. 

Coal,   3i  i^ounds  per  horse-power  per 

hour,  average  horse-power  22i,  with 

14  per  cent,  added  for  friction,  ecpaals 

26.2  horse-power  for  237  days,  making 

261  tons,  at. % 81566  00 

Insurance  on  S3  235 16  00 

Taxes  on  $3  235 36  00 

Engineer,  237  days,  at  $3  75 888  75 

Oil  and  waste,  237  days,  at  70  cents . . .  165  90 
Eepairs 75  00 

82  747  65 
.  .S2  747  65  capitalized  at  6  per  cent §45  794  16 

Total 850  494  62 

Estimate  b,  brought  forward 825  364  13 

Estimate  c,  brought  forward 50  494  62 

b-\-  c 875  858  75 

Estimate  a,  brought  forward 28  025  50 

b  +  c  —  a 847  833  25 


This  is  the  cost  to  replace,  by  water  and  steam  jiower,  the  water- 
power  diverted.  In  other  words,  the  cost  of  utilizing  the  undisturbed 
water-power  of  the  Bronx,  deducted  from  the  cost  of  restoring  and 
utilizing  the  power,  after  the  diversion,  leaves  the  sum  of  847  833  25  as 
the  cost  to  the  proi^rietor  of  the  property  for  making  good  his  loss  of 
power. 
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GENEEAii   Remarks. 

From  the  nature  of  the  case,  the  first  branch  of  this  subject — that 
of  the  horse-power  of  a  variable  stream — admits  of  only  an  approximate 
solution;  the  nearest  aj^proach  Avhich  could  be  made  to  accuracy  of 
result  would  have  been  by  the  use  of  an  extended  series  of  gaugiugs  of 
the  stream,  Avhich  were  not  attainable.  The  measurement  of  flowing 
streams  is  an  old  subject,  which  has  been  investigated  with  great  ability 
and  labor  by  hydrauliciaus,  for  many  years  and  for  many  valuable  piir- 
poses,  but  the  best  processes  and  the  accuracy  of  results  are  still 
mooted  questions.  The  case  j^resented  here  was  to  obtain  the  nearest 
appracimafion  to  accuracy  as  to  the  horse-power  of  the  stream  that  was 
practicable;  this,  of  course,  governed  the  final  result  reached  by  the  sub- 
seqiient  calculations. 

The  onus  rested  upon  the  claimant  to  show  what  the  amount  of  hi& 
damage  was;  if  he  could  not  show  the  exact  amount  it  was  incumbent 
upon  him,  at  least,  not  to  exaggerate  it,  to  keep  within  reasonably 
demonstrable  boi;uds.  By  this  course  he  was  liable  to  lose  something- 
of  his  just  dues;  but  this  was  the  unavoidable  jjossibility  of  the  situa- 
tion. These  considerations  were  kept  in  view  in  the  foregoing  calcula- 
tions; and  whatever  error  has  occiirred  is,  therefore, "  believed  to  be  on 
the  side  opposed  to  excess.  How  nearly  the  most  practicable  approxima- 
tion to  accuracy  has  been  made,  the  data  and  processes  resorted  to  must 
speak  for  themselves. 
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DISCUSSION. 

CHAKiiES  E.  Emeky,  M,  Am.  Soc.  C.  E. — The  power  of  the  small 
stream  referred  to  in  the  paj^er  could  not  be  utilized  without  the 
addition  of  a  steam-engine  operated  in  connection  with  the  turbines,  and 
this  would  very  much  rediTce  the  value  of  the  water-power.  I  was 
■engaged  on  the  part  of  the  city  of  Fall  Eiver,  Mass.,  as  one  of  the  experts 
in  the  legal  proceedings  initiated  to  condemn  for  city  uses  a  portion  of 
the  water  from  the  "Wautupjja  Ponds  on  the  hill  back  of  the  city,  the 
flow  from  which  was  utilized  by  a  series  of  mills  on  the  outlet.  The 
condemnation  diverted  about  67-horse-power.  Engines  were  already 
required  in  the  mills,  and  we  took  the  ground  on  the  side  of  the  city 
that  the  measure  of  damages  should  be  on  the  basis  of  the  cost  of  the 
slightly  increased  steam-jjower  necessary  in  each  mill  to  make  up  the 
water-power  diverted,  the  mill-owners  being  allowed  a  certain  amount 
for  repairs  and  a  sum  representing  a  certain  proportion  of  the  original 
cost  of  the  engines.  It  was  urged  on  the  jjart  of  the  mill-owners  that 
the  city  should  jjut  small  engines  of  from  7  to  10-horse-power  in  the 
several  mills  to  replace  the  power.  As  the  cost  for  horse-power  is 
considerably  greater  for  small  engines,  the  damages  calculated  on  the 
basis  that  they  proposed  were  considerably  larger  than  on  that  urged  by 
the  representatives  of  the  city.  There  was,  however,  one  case,  a  print 
works,  where  the  water  was  not  used  for  power,  in  resi^ect  to  which  it 
was  urged  that  the  value  should  be  calculated  on  the  basis  that  it  could 
only  be  restored  from  the  water  mains  of  the  city.  The  experts  adopted 
substantially  the  measure  of  damages  proposed  by  the  city  iu  relation  to 
water  used  for  power,  but  allowed  damages  to  the  printworks  at  a  much 
higher  rate.  The  amount  of  coal  per  horse-power  named  for  a  30-horse- 
power  engine  in  the  paper,  viz. ,  3  J  pounds  per  horse-power  jjer  hour,  would 
require  a  better  engine  than  can  be  obtained  in  the  market.  A  fair  esti- 
mate of  cost  for  the  various  sized  engines,  taken  substantially  from  my 
testimony  in  the  Fall  Eiver  case,  will  be  found  in  my  paper  on  "The 
Cost  of  Steam-Power, "  Transactions  Am.  Soc.  C.  E.,  Vol.  XII,  page 
425,  November,  1883. 

A  Member.- — "What  were  the  damages  in  that  case? 

Mr.  Emery. — On  the  part  of  the  city  we  figured  the  damages  at 
$35  510  for  66.4-horse-power.  It  was  made  up  on  the  basis  of  an  allowance 
to  the  owners  of  the  fieveral  mills  of  a  certain  proportion  of  the  actual 
cost  of  the  steam  machinery  in  the  various  mills  required  to  keep  the 
power  uniform  the  year  round,  notwithstanding  the  variation  in  the 
water  supply,  and  an  allowance  of  the  capitalized  cost  of  the  power 
diverted  on  each  of  the  several  falls  with  steam  machinery  in  use  of  the 
sizes  above  referred  to. 

The  average  flow  in  the  stream  would  produce  about  1  340-horse- 
power.     It  was  calculated  that  a  mill  requiring  an  average  of  623-hor8e- 
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power  needed  steam  macbinerv  of  550-liorse-powor  in  order  to  continue 
its  work  the  year  round.  The  water  diverted  in  this  case  would  only 
produce  7-liorse-power  for  the  fall  at  this  mill,  and  the  award  was  liasi  d 
on  the  cost  of  producing  that  much  i^ower  in  a  550-horse-p  wer  engine. 
In  another  ease,  however,  of  a  small  mill  where  an  engine  of  only  115- 
horse-power  was  required,  the  water  diverted  would  i)roduce  8-horse- 
power  on  that  fall,  which  had  to  be  settled  on  the  basis  of  the  cost  of  the 
power  in  a  115-horse-power  engine.  The  paper  refen*ed  to  gives  the 
cost  of  the  horse-power  for  the  different  sizes  of  engines  from  400-horse- 
1  lower  down  to  5-horse-power.  The  present  value  of  each  horse-power, 
inelndiug  cost  of  machinery  and  buildings  and  an  amount  of  capital 
whieh,  invested,  would  produce  a  sullicient  amount  for  continuous  opera- 
tion indefinitely,  including  renewals,  is  stated  at  SC60  for  the  500-horse- 
power  engine  and  83  151)  for  the  5-horse-power  engine. 

The  Chair  (Past-President  Willi.\m  E.  Wokthen). — This  was  power 
in  this  case,  but  the  case  referred  to  in  Mr.  Grants  jiajier  is  very  differ- 
ent.    This  stream  had  never  been  used  for  water-power. 

Mr.  Emery. — In  the  case  discussed  in  Mr.  Grant's  paper  an  engine 
should  lie  provided,  for  the  reason  that  no  manufacturing  could  be  done 
if  it  entirely  depended  on  such  a  variable  water-power.  The  calculation 
should  be  made  on  a  practical  basis,  and  when  an  engine  is  necessary  it 
very  much  reduces  the  relative  value  of  the  water-power. 

Mr.  Gbant. — "What  are  your  figures  for  an  engine  of  35-hor3e-power? 

Mr.  Emery. — The  tables  give  3.27  pounds  of  coal  per  horse- power 
per  hour,  for  a  50-liorse-i3ower  engine,  and  4  pounds  for  a  25-horse-power 
engine. 

Mr.  Grant. — This  is  not  an  estimate  of  the  commercial  value  of  the 
borse-power;  it  is  simply  the  cost  of  utilizing  the  water-power  in  two 
cases,  and  substituting  steam  to  make  up  the  deficiency. 

Edw.\rd  p.  North,  M.  Am.  Soc.  C.  E. — Referring  to  the  two  dia- 
grams, they  show  a  very  unequal  amount  of  power  during  the  different 
months  of  the  year.  I  would  like  to  ask  if  a  mill  site  is  worth  more  as 
a  water-power  than  its  lowest  run  ?  Where  it  goes  up  to  150  horse- 
power occasionally,  that  is  of  no  value,  because  the  mill  cannot  be  worked 
to  advantage  with  say  more  than  18-horse-power.  The  jioint  I  want  to 
make  is  that  a  mill  site  is  worth  no  more  than  its  lowest  horse-power. 

Mr.  Grant. — This  paper  has  nothing  to  do  with  the  marketable  value 
of  the  horse-power.  It  simply  deals  with  the  question  whether  the 
poAver  exists,  and  it  is  practicable  to  use  turbines  in  the  way  suggested 
to  utilize  it. 

I  will  state  that,  in  this  case,  an  expert  who  was  familiar  with  the 
value  of  water  and  steam  jiower  and  experienced  iu  the  jjurchase,  sale 
and  leasing  of  water-powers,  estimated  on  the  basis  of  commercial  value, 
a  considerably  larger  sum  for  damage  to  the  claimant  than  my  figures 
for  replacing  the  power  diverted. 
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Mr.  Emery. — Mr.  North's  intiuiry  brings  iip  the  whole  subject  of 
utUiziug  water-power  in  a  variable  stream.  He  puts  the  question 
whether  or  not  the  value  of  the  power  should  not  be  based  on  the  mini- 
mum which  will  be  obtained  under  the  most  unfavorable  circumstances. 
That  is  very  nearly  true  when  manufacturers  have  to  depend  upon  the 
water  alone.  Generally  only  a  small  portion  of  the  work  can  be  i')ost- 
poned  till  there  is  plenty  of  water.  In  all  manufacturing  centers,  water 
privileges  are  now  supplemented  by  steam-power,  and,  in  many  cases, 
sufficient  steam-power  is  provided  for  the  total  amount  of  work  to  be 
done,  and  water  is  used  simply  to  reduce  the  coal  bills.  The  modern 
automatic  engines  will  automatically  adjust  the  amount  of  steam  used  to 
that  required  to  maintain  the  power,  and  the  quantity  of  coal  burned  will 
be  reduced  proj^ortionally.  Such  prices  apjjly  only  where  the  power 
has  been  utilized.  In  other  cases,  it  would  seem  that  the  valuation 
should  depend  more  upon  real  estate  rules  and  customs  than  engineering 
principles. 

Mr.  WoRTHEN. — Could  you  run  a  25-horse-power  engine  and  a  wheel 
intended  for  a  30-horse-power,  with  only  4-horse-power  on -it,  together 
with  advantage  ?     Would  not  the  engine  run  the  turbine  ? 
Mr.  Emery. — It  would  be  better  to  shut  the  turbine  off. 
Mr.  Grant. — Is  that  not  a  very  extreme  case? 

Mr.  Emery. — Yes,  but  it  is  well  to  bring  up  the  fact  intimated  by  the 
Chair,  that  turbines  are  of  inferior  economy  when  run  with  a  fraction  of 
their  power.  Wheels  have  been  recently  made  which  can  run  at  half- 
gate  with  much  better  results  than  heretofore,  but  when  the  power  is 
still  further  reduced,  the  wheels  are  necessarily  very  uneconomical. 

Joseph  P.  Davis,  M.  Am.  Soc.  C.  E. — I  would  ask,  Mr.  President, 
whether  it  is  proper  to  discuss  this  subject  at  this  time?  There  are  mem- 
bers j)resent,  some  engaged  on  one  side  in  this  suit  for  damages  and  some 
on  the  other;  therefore,  to  me,  it  does  not  seem  wise  to  discuss  the  sub- 
ject here. 

If  I  understand  the  paper,  it  is  not  theoretical  simply,  but  is  intended 
also  as  an  estimate  of  damages. 

From  it  the  natural  conclusion  is,  although  I  believe  it  is  not  so  stated, 
that  the  damage  to  the  property  is  ^47  000. 

Now  the  true  measure  of  the  damage  is  simply  the  difference  between 
the  salable  value  of  the  property  before  and  after  the  diversion  of  the 
water.  The  water-power  has  existed  there  unused  ever  since  nature 
made  it,  and  probably  it  has  never  had  a  salable  vnlue  of  $2  500.  In 
arriving  at  results  you  must  consider  to  what  profitable  use  the  power 
can  be  put  after  it  is  developed.  A  water-power  in  the  Rocky  Mountains 
would  have  a  small  or  no  salable  value,  but  if  you  were  to  estimate  its 
value  by  the  cost  of  replacing  it  by  steam-power  you  would  get  results 
even  larger,  per  horse-power,  than  on  the  Bronx.  As  before  stated,  the 
real  measure  of  the  damage  is  simply  the  reduction  in  the  salable  value 
of  the  property  by  the  diversion  of  the  water. 
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It  strikes  me  that  in  the  Qalculations  of  this  paper  there  has  been  a 
too  geueral  use  of  averages.  For  instance,  a  diagram  presented  shows  a 
very  large  horse-power,  histinfj;  a  few  days,  but  how  it  can  be  utilized  I 
do  not  see,  except,  perhaps,  as  Mr.  Emery  suggests,  by  snpplemeutiug 
at  other  times  with  steam-power. 

Mr.  Grant. — This  discussion  seems  to  me  to  have  diverged  from 
the  subject.  The  pajjer  i)reseuted  here  relates — as  its  title  implies — to 
the  mode  of  determining  the  mean  horse-power  that  exists  in  a  variable 
stream  with  a  given  fall,  and  the  cost  of  replacing  such  portion  of 
the  power  as  may,  from  any  cause,  be  diverted. 

The  mean  horse-power  is,  of  course,  made  up  of  the  t  xtremes,  the 
minimum,  intermediate  and  maximum  horse-powers. 

The  uses  to  whicli  the  varying  horse-powers  may  be  jjut  do  not  enter 
into  the  subject.  For  some  manufacturing  purposes  a  variable  power 
would  not  be  well  adapted,  while  there  are  many  other  cases  where  a 
variable  power  can  be  used  to  good  advantage. 

In  the  case  of  a  jjortion  of  the  normal  jjower  of  the  stream  having 
been  diverted  or  withdrawn,  an  estimate  is  made,  as  a  jiart  of  the  pajier, 
of  the  cost  of  replacing  the  diverted  power,  that  is,  the  cost  of  adding 
to  the  water-power  remaining  after  the  diversion  a  compensating  amount 
of  steam-power.  This  is  all  that  is  attempted  by  the  ]ireseut  jjaper.  The 
questions  are  wholly  independent  of  the  local  case  which  they  hajiijen  to 
be  ajjplied  to. 

I  note,  briefly,  the  points  raised  by  members  during  the  discussion, 
so  far  as  they  are  not  covered  by  the  preceding  explanation. 

A  member  asked  "What  was  the  measure  of  damages?"  I  replied 
847  833.  It  would  have  been  more  exact  if  I  had  said  this  amount  is 
the  cost  of  replacing  the  diverted  water-power. 

Mr.  North  inquired  "What  the  assumed  value  of  the  horse-power 
was  before  the  diversion?" 

The  Chair  replied:  "There  was  no  diversion;  it  was  unimproved 
water-power," 

I  do  not  understand  this  rei:)ly. 

Mr.  Emery  stated  "That  the  water-power  of  the  (normal)  stream 
could  never  be  utilized  without  the  aid  of  a  steam-engine."  I  think  this 
needs  qualification,  in  accordance  with  what  I  have  remarked  above. 

He  thought  my  estimate  of  3i  jiounds  of  coal  i)er  horse-power  per 
hour  for  a  3.j-horse-power  engine  was  too  low,  but  upon  referring  to  a 
paper  which  he  formerly  presented  to  the  Society,  I  believe  he  found  he 
was  incorrect. 

Mr.  Davis'  remarks,  in  part,  relate  more  to  supposed  legal  iioints  in 
the  estimate  of  dama.'^es  than  to  the  topics  of  the  paper  ;  as  to  his  com- 
ments on  the  impracticability  of  utilizing  a  variable  flow,  I  must  refer  to 
my  preceding  explanation.  As  this  point  doe>  not  strictly  come  within 
the  subject  of  the  paper,  I  avoid  enlarging  upon  it.  . 
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If  any  errors  are  pointed  out  in  my  calculations  or  data  I  shall  be 
glad  to  exi)lain  or  correct  tliem. 

Mr.  Nortli  notices  "that  the  diagrams  show  a  very  unequal  amount 
of  poAver  during  the  different  months  of  the  year,  and  makes  the  point 
that  a  mill  site  is  worth  no  more  than  its  lowest  horse-power."  This 
view  emphasizes  some  of  those  previously  expressed.  I  believe  it  needs 
qualifying  very  much,  but  for  the  reason  before  stated  I  avoid  enlarging 
upon  it. 

I  wish  to  say  in  reference  to  the  query  the  Chair  addressed  to  Mr. 
Emery  during  the  discussion,  as  before  stated,  "Could  you  run  a  25- 
horse-power  engine  and  a  wheel  intended  for  a  SO-horse-power,  with 
only  4-horse-power  on  it,  together  with  advantage  ?  Would  not  the 
engine  run  the  turbine  ?  " — that  I  do  not  find  in  my  paper  anything 
upon  which  reasonably  to  base  these  amusing  stumbling-blocks. 

In  my  reply  to  the  discussion  which  I  presented  February  24,  1887, 
I  covered  all  the  principal  points  that  were  raised,  according  to  the  notes 
which  I  took  of  the  matter  at  the  time. 

The  report  submitted  to  me  in  proof  of  Mr.  Charles  E.  Emery'a 
remarks  contains  some  things  which  I  must  have  faled  to  make  note  of, 
and  it  will  be  proper  for  me  to  make  further  reply  to  them. 

First. — As  to  the  practicability  of  utilizing  the  water-power  of  a 
variable  stream  without  the  aid  of  a  steam-engine: 

It  is  doubtless  desirable,  in  general,  to  have  a  co-operating  engine, 
but,  as  I  have  previously  remarked,  there  are  many  cases  where  a  vari- 
able water-power  may  be  usefully  utilized  without  one.  I  might  cite 
instances  in  confirmation  of  this,  but  it  does  not  seem  necessary  to  take 
up  time  and  sj^ace  for  it. 

Second. — His  remarks  in  reference  to  his  investigations  of  water  and 
steam-power  at  Fall  Eiver,  Mass.,  contain  some  useful  information,  but 
I  am  at  a  loss  to  understand  how  they  affect  the  strictly  construed  ques- 
tions treated  of  in  my  pajier. 

A  general  inference  seems  to  have  been  drawn,  ujjon  a  hasty  glance 
at  the  subject,  that  the  object  of  the  paj^er  was  to  exhibit  the  merits  of 
local  claims  for  compensation  for  diverting  wa':er-power.  I  admit  that 
this  was  the  origin  of  my  investigations.  I  would  have  preferred,  in  sub- 
mitting them  to  the  Society,  to  have  eliminated  all  reference  to  the  local 
case,  but  it  Avas  impracticable.  * 

I  may  be  permitted  to  say,  that  there  was  no  intention  to  influence 
opinions  in  regard  to  the  local  questions,  and  that  I  believed  that  the 
paper,  as  presented,  was  an  abstract  matter,  to  be  considered  strictly  (as 
its  title  implies)  as  illustrating  a  mode  of  treating,  in  general,  a  subject 
of  hydraulic  interest.  Hence,  it  appears  to  me  that  the  introduction  of 
arguments  in  the  discussion,  outside  of  that  view,  has  a  misleading 
tendency,  obscuring  the  subject,  rather  than  supporting  or  refut- 
ing it. 
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Third. — As  to  the  amount  of  coal  per  liorse-power  i)er  Lour  for  a  35- 
horse-power  engine,  I  refer,  for  brevity,  to  the  statement  I  previously 
made  during;'  the  discussion  when  Mr.  Emery  thought  my  estimate  was 
too  low,  that  ni)on  his  referring  to  his  i>aper  he  found  that  he  was  mis- 
taken. The  paper  is  contained  iu  the  Transactions  of  the  Society, 
which  I  examined,  and  found  there  was  no  material  diflfereuce  between 
his  figures  and  my  estimate  on  the  coal  question. 

The  Chair  remarked  in  reference  to  Mr.  Emery's  allusion  to  a  horse- 
power of  water  in  the  Fall  Kiver  case,  w^hich  he  had  investigated  and 
which  had  been  utilized:  "This  was  jjower  in  this  case,  but  the  case 
referred  to  in  Mr.  Grant's  paper  is  very  dill'erent  ;  this  stream  had  never 
been  used  for  water-power." 

The  Chair  had  previously  stated,  during  the  discussion,  in  reply  to  a 
question  by  Mr.  North  as  to  the  value  of  the  horse-power  of  the  stream 
before  the  diversion,  "  there  was  no  diversion  ;  it  was  unimproved  water- 
power."  I  thought  at  that  time  that  I  might  have  misunderstood  him  ; 
it  seems  not,  however.  In  his  view,  then,  if  correctly  reported,  no 
water-power  existed  and  none  could  be  diverted  from  the  stream  because 
the  power  had  not  jjreviously  been  improved  or  utilized. 

It  ajjpears  to  me,  with  great  respect  for  the  opinions  of  the  Chair, 
that  if  the  law  of  gravitation  is  not  suspended  there  is  a  power  in  any 
flowing  stream  of  water,  having  a  given  fall,  whether  such  power  is  use- 
fully utilized  by  turning  a  wheel  or  is  permitted  to  run  to  waste.  It 
would  be  as  unjust  to  the  proprietor  of  such  a  jiower  to  deny  it 
as  it  would  be  to  say  to  the  owner  of  a  gold  mine  that  his  gold 
did  not  exist  because  he  had  delayed  to  dig  it  out  and  obtain  the 
market  value  for  it ;  that  he  could  have  no  claim  for  reia.iration  if 
another  party  took  possession  of  it  or  deprived  him  of  the  privilege 
of  utilizing  it. 

As  the  Chair  rema  ked  during  the  discussion  that  he  dififered  largely 
from  my  views,  and  al^o  that  he  was  retained  as  counsel  or  exj^ert  in  the 
Bronx  case,  it  will  not  be  out  of  place  to  mention  that  in  his  testimony 
in  that  case  he  differed  from  me  as  to  a  fact  which  I  had  assumed  (but 
had  carefully  examined),  that  51  per  cent,  of  rain-fall  had  been  found 
collectible  from  the  Croton  watershed  after  twelve  years'  daily  observa- 
tions by  the  Croton  Aqueduct  Department,  and  that  such  percentage 
could  be  properly  applied  to  the  Bronx  region  as  a  collectible  or  utili- 
zable  quantity  for  power  purposes.  He  considered  51  per  cent,  as  '*  beyond 
all  ijrecedent." 

This  simply  raises  the  question: 

Ist.  "Whether  the  Croton  observations  are  or  are  not  correct ;  and, 

2d.  Whether  they  are  api^licable  to  the  Bronx  region  ? 

The  first  has  been  so  very  generally  adopted  by  engineers  as  correct 
and  reliable,  and  has  been  so  well  corroborated  by  observations  in 
similar  localities,  that  I  can  adduce  nothing  further  to  strengthen  it. 
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The  second  is  a  matter  to  some  extent  of  judgment,  and  tliere  may 
reasonably  be  some  difference  of  ojiinion  in  regard  to  it. 

I  have  stated,  heretofore,  the  groiands  upon  which  I  assumed  it,  and 
I  trust  they  will  generally  be  considered  as  tenable. 

I  will  only  remark  further  upon  a  point  which  arose  during  the  dis- 
cussion and  which  is  only  indirectly  relevant  to  the  subject: 

The  Chair  suggested  that  the  discussion,  when  the  paper  was  read, 
be  posti^oned  until  later,  as  there  were  some  Bronx  cases  still  pending, 
though  later  in  the  discussion  he  thought  it  might[properly  be  considered 
as  a  purely  engineering  question. 

Mr.  Davis  thought  the  discussion  should  be  postponed,  as  several 
members  were  co-tinected  with  the  Bronx  cases. 

The  Secretary  kindly  informed  me,  in  explanation  of  the  delay  in 
publishing  the  i^aper,  that  objections  had  been  made  to  its  publication 
by  members  of  the  Society  on  the  ground  that  the  sultject  was  in  liti- 
gation in  the  courts,  and  that  several  members  were  retained  on  one  side 
or  the  other  as  experts  or  witnesses. 

I  explained  at  the  time  of  the  discussion,  as  these  points  came  up, 
that  it  was  nearly  two  years  since  I  had  been  connected  with  the  matter, 
and  that  I  had  since  lieen  absent  from  the  city,  and  understood  that  the 
testimony  had  been  closed  ;  that  I  regarded  the  matter  as  merely  an  en- 
gineering question  outside  of  its  local  references. 
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OBSERVATIONS  ON  THE  FORTH  BRIDGE. 


By  Charles  E.  Emery,  Ph.D.,  M.  Am.  Soc.  C.  E. 


It  is  proposed  in  this  paper  to  state  in  a  conversational  "way  the 
information  obtained  in  connection  with  a  recent  visit  to  the  Forth 
Bridge,  with  some  kindred  reminiscences  which,  it  is  hoped,  will  be 
interesting  to  those  whose  engagements  did  not  permit  them  to  visit 
Europe  last  summer.  My  visit  was  made  on  the  14th  of  August,  1889, 
long  after  the  unequaled  excursions  and  receptions  given  in  England 
to  the  engineers  from  the  United  States,  and  after  most  of  the  visitors 
singly  or  in  small  companies  had  seen  this  great  work.  Let  those 
present,  in  imagination,  keep  me  company  from  Edinburgh,  with  its 
evidences  of  military  strength  and  literary  culture,  and  as  we  pass  over 
one  of  those  perfect  macadamized  roads,  so  familiar  abroad,  through 
villages  embowered  in  foliage  and  lovely  expanses  of  rolling  countr'y, 
with  numerous  patches  of  woodland  carefully  trimmed  and  freed  from 
underbrush  in  the  unequaled  manner  found  in  the  English  parks,  we 
may  fitly  examine  why  the  construction  of  such  a  bridge  was  warranted 
in  this  location  and  bring  to  mind  the  i^rincipal  dimensions  even  if,  to 
interest  the  few,  we  briefly  refer  to  matters  familiar  to  the  many.  This 
bridge  is  situated  about  8  miles  westerly  from  Edinburgh  in  56  degrees  N. 
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latitude,  corresponding  closely  with  that  of  Davis  Inlet  on  the  eastern 
coast  of  Labrador,  which  is  much  nearer  Greenland  than  to  St.  Johns, 
Newfoundland.  The  temperature  is  greatly  modified  by  the  bounteous 
stores  of  heat  sent  from  our  own  coast,  but  the  change  in  the  position  of 
the  isothermal  curves  does  not  make  a  pleasant  cHmate  at  this  high  lati- 
tude, as  the  heat  can  only  be  utilized  through  atmospheric  disturbances 
•of  greater  or  less  intensity,  and  constantly  recurring  rains  and  mists 
which  transfer  the  heat  from  the  water  to  the  land.  The  moisture  keeps 
all  the  British  Isles  covered  with  a  mantle  of  living  green,  but  agricul- 
ture is  much  limited,  particularly  at  the  north,  where  only  the  trees, 
grasses  and  more  hardy  cereals  flourish,  and  plants  as  common  as  the 
ordinary  tomato  are  hot-house  luxuries.  Still  there  is  plenty  of  business. 
The  fishing  and  woolen  industries,  the  manufacturing  interests,  the 
building  materials  available  and  the  never  ending  tide  of  sportsmen, 
tourist  and  summer  residents  make  it  necessary  to  run  railwaj'  trains  of 
considerable  length,  and  at  speeds  comparing  well  with  those  of  more 
favored  latitudes.  The  peculiar  formation  of  the  coast,  with  its  deep 
indentations,  would  make  a  coast  line,  avoiding  the  hills,  a  very  crooked 
one,  so  that  years  ago  it  was  found  necessary,  some  40  miles  north  of 
Edinburgh,  to  build  a  bridge  across  the  Tay,  the  destruction  of  which  is 
still  fresh  in  memory.  This  estuary  is  now  spanned  by  a  substantial 
monumental  bridge,  the  longest  in  the  world,  of  which  we  had  the 
pleasure  of  receiving  very  comiDlete  monographs  from  Mr.  Crawford 
N.  Barlow,  associated  with  his  father  on  the  work.  The  Firth  of 
Forth  prevents  direct  land  communication  from  Edinburgh  to  the 
north,  thus  giving  the  North  Western  and  Caledonian  systems  on 
the  west  a  slight  advantage  in  distance,  which  caused  such  a 
diversion  of  the  north  of  Scotland  business  that  the  North  British 
Railway,  starting  from  Edinburgh  and  connecting  with  the  Midland  and 
east  side  lines  of  England,  felt  the  necessity  of  bridging  the  Forth  to  ob- 
tain its  share  of  the  travel.  The  original  enterprise  fell  fiat  at  the  time 
of  the  destruction  of  the  Tay  bridge,  but  the  commercial  demands  were 
so  great  that  new  investigations  were  made,  the  enter^jrise  was  revived 
and  the  bridge  is  now  nearly  completed.  The  distance  which  can  be 
saved  by  the  bridge  in  traveling  from  Edinburgh  to  the  important  town 
of  Perth  at  the  head  of  the  Forth  of  Tay  is  only  12  miles  by  the  existing 
lines,  which  are,  however,  being  imj^roved.  It  would  only  be  27  miles 
by  an  air  line,  which  is  not  practicable.     The  new  line  will,  however, 
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have  a  further  ailvantange  of  2'2  miles  in  reaching  poiuts  on   the  east 
coast,  sncli  as  Dundee  and  Aberdeen. 

In  this  connection  let  n.s  examine  a  repri  duction  of  a  view  published 
in  connection  with  one  of  Mr.  Bakers  papers  before  the  British  Associ- 
ation (Plate  LXVIII) : 

"The  total  length  of  the  viaduct  will  be  8  296  feet,  or  nearly  1| 
miles;  and  there  are  two  spans  of  1  710  feet,  two  of  680  feet,  fifteen  of  168 
feet  girders;  four  of  57  feet,  ancj  three  of  25  feet  being  masonry 
arches."* 

"  The  clear  headway  for  navigation  will  lie  not  less  than  150  feet  for 
500  feet  in  the  center  of  the  1  710  feet  spans.  The  extreme  height  of  the 
structure  is  361  feet  above,  and  the  extreme  de])th  ot  foundations  91 
feet  below  the  level  of  high  water." 

"  There  will  be  about  53  000  tons  of  steel  in  the  superstructure  of 
the  viaduct,  and  about  140  000  cubic  yards  of  masonry  and  concrete  in 
the  foundations  and  piers. 

"The  wind-pressure i^rovided  for  is  a  pressure  of  56  pounds  per  square 
foot."  The  total  wind-pressure  on  the  main  si^ans  is  "  estimated  at 
nearly  8  000  tons." 

The  material  used  throughout  is  open  hearth  steel.  "  That  used  for 
parts  subject  to  tension  is  specified  to  withstand  a  tensile  stress  of  30  to 
33  tons  to  the  square  inch,  with  an  elongation  in  8  inches  of  not  less  than 
20  per  cent.  That  subject  to  compression  only,  a  tensile  stress  of  34  to 
37  tons  per  square  inch,  with  an  elongation  in  8  inches  of  not  less 
than  17  per  cent."  "  The  tensile  strength  of  the  rivet  steel  is  26  to  30 
tons  per  square  inch."  The  effective  depth  of  the  cantilevers  over  the 
piers  is  330  feet,  and  at  the  ends  35  feet.  The  intermediate  spans  sup- 
ported by  the  cantilevers  are  350  feet  in  length,  50  feet  deep  in  the 
center,  and  37  feet  deep  at  the  ends. 

The  original  contract  price  for  the  bridge  completed  was  £1  600  000, 
say  S8  000  000,  but  the  cost  will  undoubtedly  be  greater,  as  after  the 
difficulties  of  the  work  had  been  fully  developed,  an  arrangement  was 
made  for  its  fiirther  continuance  on  a  percentage  basis. 

To  aid  in  resisting  the  enormous  wind  strains,  the  cantilevers  are 
widened  at  the  piers,  making  the  general  appearance  of  the  converging 
lines   in    plan   much  the  same  as  in  a  suspension   bridge.     A  distant 

♦  The  dimensions  are  from  the  paper  of  Mr.  F.  E.  Cooper,  Jour.  Iron  and  Steel  Inst., 
1888. 
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view  of  the  bridge  so  much  resembles  the  miniature  picture  in 
Plate  LXVIII  that  its  size  is  not  for  the  moment  realized,  but 
as  we  ai^proach  closer,  and  the  ground  recedes  to  the  Forth  and  the 
great  bridge  towers  rise  before  us,  though  as  yet  far  away,  we  feel 
the  same  awe  as  in  viewing  one  of  nature's  monuments,  and  the 
magnitude  and  well  adapted  proportions  of  the  structure  imme- 
diately claim  attention.  We  had  been  preceded  by  so  many  visitors 
that  it  was  thought  best  to  accept  the  general  invitation  without  notify- 
ing the  engineers  in  London  or  trespassing  specially  on  the  time  of 
anybody  connected  with  the  work;  so  alighting  at  the  Queensferry  office, 
a  simple  personal  card,  sent  in  without  directions,  was  taken  to  the  con- 
tractor's department,  and  the  customary  old  guide  sent  out  to  pilot  us 
about  the  works.  Later,  hovrever,  Mr.  Ernest  W.  Moir,  Assoc.  M.  Inst. 
C.  E.,  one  of  the  engineers  for  the  contractors,  and  who  expects  to  come 
here  soon  for  Mr.  Baker,  on  the  Hudson  Eiver  tunnel  work,  was  met  on 
the  structure  and  abandoned  the  immediate  charge  of  the  preliminary 
work  in  starting  out  the  intermediate  span,  to  conduct  the  writer  per- 
sonally over  the  Queensferry  cantilever;  and  afterward,  Mr.  F.  E.  Cooper, 
M.  Inst.  C.  E.,  representing  Mr.  Baker,  showed  us  through  the  engi- 
neers' offices  and  furnished  some  information  which  will  be  presented 
in  this  paper. 

The  shops  were  almost  entirely  deserted,  but  contiined  numbers  of 
tools,  most  of  them  of  familiar  pattern,  of  which  the  great  bending 
presses  were  special  objects  of  interest.  The  shops  are  in  temporary 
sheds  situated  at  the  foot  of  the  second  slope  of  the  bluff  and  connected 
with  the  shore  by  an  inclined  railroad  leading  out  partly  on  piles  to  the 
first  main  j)ier.  The  bridge  floor  is  reached  by  climbing  stairs  at  the 
end  of  the  masonry  iiortion  of  the  approach,  and  as  we  walk  out  toward 
the  first  great  pier  we  observe  the  substantial  and  finished  manner  in 
which  the  road-bed  is  i^repared.  On  the  approach,  the  general  appear- 
ance is  that  of  a  narrow  street  with  central  roadway  and  narrow  side- 
walks on  each  side,  all  finished  with  cement  to  form  drainage  surfaces, 
finished  as  smoothly  as  we  are  accustomed  to  see  in  interior  work. 
There  only  the  longitudinal  stringers  to  receive  the  rails  show  above  the 
drainage  surfaces  in  the  center.  On  the  bridge,  as  illustrate  1  on  plan, 
the  stringers  are  laid  in  steel  troughs  of  sufficient  strength  to  support 
the  wheels  of  a  derailed  traiu,  and  there  are  no  guard  rails.  The  cover- 
ing in  the  troughs  alongside  the  stringers  and  on  the  buckle-plates  had 
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not  yet  been  commenced.  At  that  time  the  great  cantilevers  were  prac- 
tically complete.  The  conuertion  of  the  south  cantilever  to  the  anchor- 
age was  not  finished,  though  they  had  commenced  building  out  the 
intermediate  span.  Tho  bases  of  the  towers  are,  however,  so  large  that 
they  do  not  find  it  necessary  to  take  any  special  i)ains  in  balancing  the 
weights  on  either  side.  The  cantilever  arms  are  to  be  held  down  to  their 
seats  on  the  anchorages  by  weights  instead  of  links,  so,  as  was  stated, 
to  avoid  the  slack  motion  Avhich  would  be  necessary  in  pin-connected 
links.  As  we  approach  the  great  central  pier,  the  size  and  magnificent 
jiroportions  of  the  structure  force  themselves  upon  us.  The  impression 
is  not  that  of  walking  through  a  rectangular  tube,  as  in  our  structures, 
but,  on  account  of  the  expansion  toward  t'le  main  piers,  rather  that  of 
moving  toward  the  base  of  a  horizontal  tower.  The  view  of  the  main 
members  as  they  succeed  one  another  in  perspective,  gives  no  idea  of 
their  great  size  and  of  the  distance  they  are  necessarily  .separated  in 
making  the  intersections  of  so  large  a  truss.  The  cylindrical  main 
chords  and  struts  necessarily  spread  out  into  rectangular  shape  at  the 
intersections,  the  webs  of  the  ties  are  attached  to  the  sides  of  the  rectan- 
gular portion,  and  the  laterals  and  stitfening  angles  coming  in  from 
various  directions  with  numerous  lajDsand  rivets,  make  each  intersection, 
though  simple  as  a  whole,  a  study  in  itself  as  a  mass  of  detail,  and  each 
is  diflferent  from  the  other  on  account  of  change  of  angles  and  position. 
As  we  look  aloft  to  trace  the  general  arrangement,  the  simplicity  of  the 
design  as  a  whole  forces  itself  iipon  one,  and  the  mind  becomes  occupied 
with  the  necessary  details  required  to  put  such  masses  into  such  definite 
shapes  at  siich  great  distances  from  the  points  of  support  and  from  the 
water  beneath.  The  system  of  fitting  the  various  parts  tog.^ther  in  the 
yard,  and  taking  off  for  erection  one  end  as  the  other  was  progressing, 
made  the  plates  come  together  properly,  substantially  the  same  as  our 
larger  units,  but  required  the  great  number  of  peculiar  shaped  working 
stages,  derricks  and  supporting  devices  that  were  employed  in  securing 
the  plates  together.  In  this  way,  however,  members  were  formed  larger 
than  it  would  seem  possible  to  transport  and  handle  on  our  system. 
Passing  to  the  north  end  of  the  Queensferry  cantilever,  we  could  see 
the  work  which  was  just  being  started  on  the  intermediate  span,  and 
right  across  what  a^jpeared  a  narrow  gap  another  set  of  men  were  work- 
ing out  from  the  south  end  of  the  Inchgarvie  cantilever.  The  ends  of 
the  main  cantilevers  terminate  in  boxed  cavities  to  receive  the  ends  of 
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the  main  giiders  of  central  span,  tlie  bottom  of  each  box  being  of  ample 
strength  to  take  the  shearing  strains  and  the  sides,  making  all  parts 
practically  one  structure  as  respects  wind  strains.  The  ends  of  the 
girders  of  the  central  span  will  simply  rest  in  rocking  joints  on  the  seats 
in  one  cantilever,  but  the  shearing  strains  at  the  other  end  are  collected 
at  the  top  of  the  girders  in  projecting  arms,  from  which  they  are  trans- 
ferred to  the  bridge  seats  on  the  ends  of  the  bottom  chords  of  the  other 
cantilever,  through  columns  provided  with  ball  joints  at  each  end.  The 
columns  will  be  practically  vertical  in  transverse  plan,  but  their  upper 
ends  stand  inward  to  conform  to  the  general  tapered  shape  of  the  struc- 
ture. Walking  back  to  the  center  of  the  tower,  one  of  the  elevators 
used  during  the  construction  quickly  takes  us  to  the  top,  and  the  whole 
scene  is  spread  before  us.  The  bridge  itself  being  first  in  mind,  we  could 
not  resist  the  temptation  of  stepping  over  the  handrail  to  the  very  edge 
of  the  parapet  and  following  oiit  the  top  chord  of  the  cantilever  as  it 
inclined  toward  the  anchorage,  then  looking  down  the  great  braced  col- 
umns of  the  tower  to  the  viaduct  200  feet  below,  or  the  same  vertical  dis- 
tance as  the  top  of  the  Cortland  street  chimneys  of  the  New  York  Steam 
Company  from  the  sidewalk,  when  in  attempting  to  follow  the  columns 
still  further  down  to  their  junction  with  the  lower  chords  and  to  the 
water  over  360  feet  below,  a  warning  giddiness  made  it  necessary 
to  return  to  the  railed  walk  and  view  the  scene  around.  Below,  stretched 
out  between  rugged  banks,  the  great  Firth  of  Forth;  the  "  Dark  Forth" 
upon  whose  so-called  "sluggish  tides"  Scott's  heroes  were  made  to 
cross.  Above  lay  the  straggling  village  of  Queensferry,  and  close  at  hand 
a  substantial  pier  with  a  long,  paved  incline  leading  into  the  water, 
which  was  doubtless  the  landing  of  the  old  ferry  giving  name  to  the 
place,  on  which  boats  with  shallow  ends  actually  grounded  and  delivered 
their  cargoes  at  the  very  edge  of  the  water.  To  the  northward  we  study 
the  shape  of  the  next  cantilever  and  follow  it  down  upon  Inchgarvie, 
with  its  old  castle,  strangely  indistinct  for  a  distance  covered  by  one 
bridge  span.  Observing  simply  that  the  connecting  road  at  the  north 
must  be  cut  through  a  rocky  spur  and  that  at  the  south  the  bridge 
would  be  readily  met  by  an  embankment  from  a  cut  on  the  hillside,  we 
start  to  walk  down  a  construction  platform  swung  just  outside  and 
underneath  the  upper  chord  of  the  cantilever  to  the  northward.  Her© 
we  observe  the  waves  of  a  real  continuous  girder  formed  by  the  top 
chord  itself.     The  spans  of  this  chord,  between  su^jports,  vary  from  170 
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feet  to  50  feet,  making  Lniilges  in  themselves  of  no  iucousiJerahle  length, 
which  cletlect  l)y  their  own  weight  snllicieiitly  to  be  detected  by  the  eye. 
The  system  of  building  the  parts  on  the  ground,  taking  ofif  one  end  for 
erection  and  building  on  the  other,  insured  the  proper  original  align- 
ment, so  in  construction  it  was  simi)ly  necessary  to  block  the  chords  up 
temporarily  until  the  rivet  holes  became  fair,  and  when  in  due  time  the 
blocks  were  released,  the  chord  took  the  shape  of  a  girder,  continuous 
over  its  various  supjiorts  at  the  intersection  of  the  web  members. 
Before  reaching  the  derricks  at  work  on  the  extension,  we  make  our 
way  to  the  level  of  the  railway  by  a  series  of  ladders  so  high  and  con- 
tinuous in  themselves  as  to  give  a  good  idea  of  the  size  of  the  structure, 
even  where  its  height  is  greatly  reduced. 

An  attractive  feature  of  the  engineers'  office  is  the  room  in  which  are 
kept  test  sjjecimens  of  the  steel  used  in  construction,  such  as  bars,  rods, 
bolts  and  rivets,  twisted  and  hammered  into  all  sorts  of  shapes,  each 
with  its  history  and  a  statement  of  its  physical  characteristics  i^reserved 
as  a  matter  of  interest  to  the  iDrofession. 

In  response  to  my  request  to  be  furnished  with  a  statement  for  presenta- 
tion to  the  Society  of  any  investigations  or  develoj^ments  which  would 
supplement  the  interesting  information  already  given,  Mr.  Cooper  stated 
that  there  was  not  much  new  at  the  time,  but"  thought  that  perhaps 
some  experiments  they  had  been  making  to  show  the  elTects  of  tempera- 
ture on  the  structure  would  form  the  basis  of  a  "little  talk  during  an 
evening."  The  diagrams  herewith  presented  are  copies  of  those  show- 
ing the  motion  of  the  south  end  of  the  southern  arm  of  the  south  or 
Queensferry  cantilever,  ol)tained  automatically  from  the  cantilever  arm 
itself  while  it  was  still  disconnected  from  the  anchorage  and  supi:iorted 
entirely  on  the  main  pier.  The  upper  series  of  diagrams,  showing  the 
lateral  and  longitudinal  movements  of  the  cantilever  arm,  were  obtained 
by  securing  a  card  horizontally  on  the  end  of  the  cantilever  arm  and 
arranging  a  vertical  pencil  attached  to  the  anchorage  to  bear  on  the 
same.  In  this  case  the  words  east  and  west  refer  to  the  position  of  the 
card  on  the  cantilever  arm  and  not  to  the  motions  of  the  arm.  The 
lower  series  of  diagrams,  showing  the  vertical  and  lateral  movements  of 
the  cantilever  arm,  were  obtained  by  securing  a  card  facing  south  to  a 
board  on  the  pier  and  then  arranging  a  pencil,  carried  by  the  cantilever, 
to  bear  on  the  card.  The  woi-ds  east  and  west  refer  as  before  to  the 
position  of  the  card,  but  in  this  case  they  also  show  the  direction  of  the 
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movement  of  the  cantilever  arm.  The  cliagi-am  showing  lateral  move- 
ments from  6  o'clock  on  the  25th  of  June  to  the  same  tiiue  on  the  26th 
is  a  typical  one.  From  it  we  find  that  the  east  side  of  the  bridge  heats 
up  first  on  a  sunny  day,  so  that  Avhile  the  whole  arm  expands  it  moves 
also  a  greater  distance  to  the  westward  or  to  the  right  on  diagram,  thus 
tracing  the  inclined  line.  By  11  o'clock  in  the  morning,  however,  or 
say  by  10  o'clock  in  the  majority  of  the  other  cases,  the  temperatures  of 
the  two  sides  of  the  truss  become  equalized,  causing  the  first  movement 
to  the  eastward  or  to  the  left  on  diagram,  and  as  the  sun  moves  farther 
west  that  side  of  the  truss  becomes  more  heated,  carrying  the  end  of  the 
cantilever  arm  still  more  to  the  eastward,  but  without  altering  greatly 
the  longitudinal  extension.  Soon  after  4  o'clock  there  is  again  an  equali- 
zation of  temperature  between  the  two  girdei's  and  a  general  reduction 
of  temperature,  whereby  the  end  of  cantilever  is  brought  back  sub- 
stantially to  its  original  position  during  the  night,  tracing  the  diagonal 
line  shown.  The  other  diagrams  show  various  modifications,  due  to 
differing  temp8ratures  and  differences  in  the  time  the  action  of  the  sun 
takes  place  ;  for  instance,  the  diagram  from  6  a.m.  June  27th,  to  6  a.m. 
of  the  28th,  shows  that  the  sun  did  not  come  out  in  the  morning — 
not  an  unusual  phenomenon  in  Scotland — but  the  temperature  gradually 
rises  and  the  girder  expands  longitudinally,  but  shows  slight,  irregular 
lateral  movements,  due,  doubtless,  to  the  temperature  of  air  currents 
and  rifts  in  the  clouds,  until  mid-day,  when  the  action  of  the  sun  on  the 
west  side  is  very  evident,  and  the  eastern  movement  shown  toward  the 
left  end  of  the  diagram  is  maintained  until  between  5  and  6  o'clock  in 
the  afternoon,  when  a  reverse  action  and  considerable  shortening  of  the 
arm  takes  place  during  the  night,  the  temperature  rising  above  the  mini- 
mum before  6  o'clock,  as  shown.  The  diagram  from  the  29th  of  June  to 
the  1st  of  July  is  a  record  of  two  days  superimjjosed.  The  vertical 
movements  shown  on  the  other  series  of  diagrams  are  the  resultant  of 
several :  first,  the  direct  expansion  upwards  of  the  metal  columns  of  the 
central  tower  below  grade,  which  is  slightly  neutralized  by  any  exjjansion 
of  the  stone  anchorage  pier,  the  resultant  Of  which  would  be  an  u^jward 
movement  of  the  cantilever  and  pencil,  whereas  the  movement  at  the 
end  due  to  heating  the  top  chord  first  would  cause  the  pencil  to  move 
downwards.  An  examination  of  the  curves  will  show,  as  should  be 
•expected,  that  at  times  the  whole  structure  rises  and  falls  with  the 
temperature  by  the  expansion  of  the  lower  portion  of  the  tower,  but  at 
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other  times,  for  iustance,  on  the  27th  and  28th  of  June,  the  higher 
temperature  of  the  top  chord  neutralizes  the  elevation  due  to  t  xpansion 
of  the  tower,  and  the  pencil  is  carried  below  the  i>osition  shown  during 
the  night.  The  extreme  delicacy  of  a  lever  arm  extended  out  as  far  as 
this  is  shown  by  the  diagram  of  the  26th  and  27th  of  June,  which  is 
imperfect  on  account  of  work  in  progress  on  the  end  of  the  cantilever. 
Time  will  not  allow  of  closer  analysis  of  the  diagrams,  but  they  are  pre- 
sented for  reference,  as  well  as  a  table  showing  the  record  of  tempera- 
tures at  the  time.     (Plate  LXIX.) 

It  must  not  be  supposed  that  these  diagrams  were  taken  from  mere 
curiosity.  The  influence  of  varying  temperature  has  had  an  important 
bearing  uj^on  the  design  and  construction  of  the  structure  from  the  be- 
ginning. Mr.  Baker,  in  his  original  paper  before  the  British  Association, 
refers  to  the  strains  due  to  uueij^ual  heating  of  the  various  members  and 
of  the  different  sides  of  the  members  themselves,  and  Mr.  Cooper  called 
attention  to  the  records  of  various  exiieriments  made  in  the  same 
direction  on  this  structure.  A  sample  i)age  from  their  record  book  is 
herewith  presented,  being  a  "  Report  of  Temperatures  "  for  the  17th  of 
June,  1887.  The  temperature  as  shown  by  a  black  bulb  thermometer 
in  the  sun,  varied,  as  shown,  from  69  to  92  degrees  in  the  shade  for  the 
twenty-four  hours  from  9  a.m.  of  the  16th  to  9  a.m.  of  the  17th,  the 
minimum  temperature  in  the  shade  being  52  degrees  and  the  maximum 
80  degrees.  At  4  o'clock  in  the  afternoon,  at  a  temperature  of  74  degrees 
in  the  shade,  the  average  air  temi^erature  inside  the  horizontal  tubes, 
clear  of  the  steel,  was  70  degrees,  but  vessels  tilled  with  water  and  i)laeed 
in  contact  with  the  tiibes  showed,  as  per  diagram  at  the  bottom  of  the 
sheet,  70  degrees  at  east  side  of  east  tube,  72  degrees  at  west  side  of 
same,  73  degrees  at  east  side  of  west  tube,  and  96  degrees  at  west  side  of 
same.  The  record  states  that  the  latter  temperature  is  so  high  as  to 
appear  "  doubtful,"  but  that  it  "  is  i?erfectly  correct,  as  the  water  was 
like  a  warm  bath."  The  mean  temperature  in  the  sun  is  at  the  same 
time  recorded  as  being  only  92  degrees,  but  it  had  doubtless  been  higher 
during  some  of  the  time.  The  above  experiments  are  not  only  of  great 
value  in  determining  the  conditions  to  which  such  structures  are  sub- 
jected, but,  as  will  be  seen  later,  have  also  an  important  bearing  on  the 
means  available  for  finally  connecting  the  several  sjjans. 

The  records  show  that  all  the  details  of  this  remarkable  structure 
were  practically  settled  before  the  work   was  commenced.     The  only 
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change  noticeable  is  in  the  anchorage  of  the  bases  of  the  piers.  Mr. 
Baker's  original  intention  appears  to  have  been  to  fasten  the  bases  of 
each  of  the  four  main  columns  of  each  tower  to  the  masonry,  maintaining 
their  distance  by  struts  under  the  compression  due  to  the  average 
temperature,  and  then  allowing  the  changes  in  temperature  to  change 
the  strain  in  the  struts.  Finally,  however,  the  plan  was  adopted  of  pro- 
viding each  column  with  a  saddle  with  a  planed  bearing  surface  550 
square  feet  in  area,  arranged  to  move  over  oiled  surfaces  on  a  correspond- 
ing bed  plate.  One  corner  of  the  tower  is  anchored  like  a  turn-table,  so 
that  it  can  only  turn,  and  motion  of  the  two  legs  on  either  side  is  allowed 
in  lines  at  right  angles  to  the  fixed  corner  by  causing  the  bed  plates  to 
work  between  guides.  The  fourth  leg  is  free  to  move  in  any  direction. 
The  lifting  of  the  legs  is  prevented  by  bolts.  The  motion  of  the  saddles 
has  been  about  as  Mr.  Baker  predicted  in  his  second  paper:  they  will 
remain  stationary  for  a  considerable  period  until  the  changes  in  tem- 
perature are  sufficient  to  produce  motion,  which  then  appears  to  take 
place  with  comj^arative  rapidity  for  a  time.  The  records  show,  how- 
ever, on  the  whole,  as  should  be  expected,  a  contraction  in  winter  and 
expansion  in  summer. 

The  most  interesting  exhibit  made  by  Mr.  Cooper,  although  be  said 
but  little  about  it,  was  a  sketch  of  a  plan  under  discussion  for  safely 
connecting  the  intermediate  girders  at  the  center  in  the  process  of  con- 
struction. It  will  be  realized  that  as  the  central  girders  are  built  from 
the  main  cantilevers,  during  the  process  of  construction  for  the  time  being 
the  ends  of  the  cantilevers  will  be  at  the  middle  of  these  girders,  and 
necessarily  moving  up  and  down  laterally  and  to  and  from  each  other, 
as  shown  on  diagrams,  but  with  nearly  three  times  the  longitudinal  dif- 
ferences there  shown,  and  liable  to  much  greater  differences  during 
storms  or  higher  ranges  of  temperature.  In  completing  the  bridge  these 
ends  must  be  brought  together  and  united  with  the  full  section  of  metal 
in  the  chords  reqiiired  at  the  center  of  a  girder  supported  at  the  ends, 
and  as  in  doing  this  the  chords,  1  710  feet  long,  Avill  be  connected  from 
pier  to  pier,  it  is  necessary,  in  order  to  prevent  them  from  being  strained 
in  extension  or  compression  by  changes  of  temperature,  to  coincidentlj 
cut  loose,  so  far  as  expansion  is  concerned,  the  ends  of  the  350  foot 
girder  from  the  cantilevers,  or  to  devise  something  equivalent.  In  a 
model,  or  small  structure,  it  might  be  possible  with  a  system  of  pin  con- 
nections to  insert  pins  in  the  top  and  bottom  chords  at  the  center  when 
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the  cantilevers  were  exi)aucle(l,  and  immediately  after  extract  by  main 
force  similar  pins  connecting  the  girders  with  the  cantilevers;  but  in  a 
structure  of  the  size  of  the  Forth  liridge,  and  a  350  foot  span  to  handle, 
necessarily  made  somcAvhat  heavy  to  withstand  the  strains  of  erection,  a 
method  must  be  adopted  in  which  there  is  a  definite  time  for  each  and 
every  operation,  and  which  can  be  safely  carried  to  comjiletion  in  case  of 
storm  or  accident  to  i^erson  or  apparatus.  During  the  process  of  build- 
ing out  the  hivlt'  intermediate  spans,  the  top  chords  are  temporarily 
attached  to  those  of  the  cantilever  by  plates  bolted  on ,  which  are  sufficiently 
thin  to  flex  a  little  when  the  strain  on  same  is  r^'leased.  The  bottom 
chord  at  each  end  rests  against  wedges  on  the  cantilevers.  When  the 
chords  had  reached  the  half  length,  or  nearly  so,  it  was  j^roposed  to  con- 
nect them  Avith  plates  secured  by  bolts  in  slotted  holes.  It  was  calcu- 
lated that  sufficient  friction  could  be  obtained  in  this  way  in  the  space 
available  to  withstand  the  strains  due  to  the  moment  even  when  the 
span  was  swung,  sujiported  at  the  ends,  if  necessary,  without  riveting. 
When  all  was  ready  the  bolts  in  the  slotted  holes  of  the  lower  chord 
were  to  be  tightened,  just  as  the  temperature  changed  or  a  little  after 
that,  so  that  positively  no  more  expansion  would  take  place  for  the  day, 
when,  as  the  cantilever  cooled  ofif,  tension  would  be  set  up  diagonally 
across  the  webs  of  the  half  girders  from  their  tops  at  the  ends  to  the 
extemporized  joint  at  the  center,  until  finally  tlie  whole  weight  of  the 
central  span  would  thus  be  taken  on  the  three  points  named,  exactly  as 
if  it  were  suspended  from  an  unseen  cable  passing  through  these  points. 
Under  these  circumstances  the  center  of  the  girder  would  rise  as  the 
temperature  decreased,  opening  necessarily  the  central  joint  in  the  top 
chord,  and  it  was  hoped  also  that  the  wedges  at  the  heels  of  the  girders 
on  the  cantilevers  would  be  released,  but  if  not,  sufficient  power  was 
provided  to  force  them  out,  and  for  the  time  being  the  parts  operated 
upon  would  be  practically  two  cantilevers,  with  the  two  halves  of  the 
central  span  hanging  in  a  catenary  between  them.  Evidently  the 
operation  would  be  completed  upon  the  re-expansion  of  the  c.intilevers, 
so  that  the  ends  of  the  top  chord  would  come  together  against  wedges 
used  to  fix  the  exact  length,  when,  as  the  expansion  continued,  the  ties 
at  the  end  of  the  central  sjjan  would  be  loosened  and  removed  and  the 
girder  swung,  supijorted  at  the  ends  as  intended. 

The   southern  intermediate  span  was  safely  swung  on  the  10th  of 
October,  and  it  is  now  known  that  friction  was  not  depended  upon  in 
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connecting  the  lower  chords,  though  temporary  slotted  connecting 
plates  were  used,  arranged  so  that  the  slots  would  prevent  overstrain 
in  case  the  expected  expansion  was  exceeded,  and  the  plates  were  so 
adjusted  that  bolts  inserted  during  the  expansion  of  the  girder  would 
bring  up  at  the  ends  of  the  slots  as  the  bridge  cooled  off.  It  appears 
from  the  accounts  available  that  the  ends  were  readily  brought  into 
alignment  vertically  and  horizontally,  but  that  the  exi^ausion  was  insuf- 
ficient to  bring  the  bolt  holes  fair  in  the  bottom  chord.  This  was 
accomplished  on  the  sunny  side  by  the  aid  of  hydraulic  power,  but  on 
the  other  side  it  was  necessary  to  elongate  the  lower  chord  by  burning 
waste  in  it  saturated  with  naf»htha.  The  subsequent  operations  were 
probably  as  above  stated.  Such  an  operation  with  such  masses  was 
necessarily  attended  with  much  anxiety  and  not  a  little  risk,  and  its 
safe  accomplishment  assures  the  success  of  a  similar  operation  on  the 
remaining  girder  and  the  early  completion  of  the  bridge. 

In  passing,  it  occurs  to  the  writer  that,  with  rapid  work,  by  slightly 
varying  the  routine,  all  the  changes  could  be  made  as  parts  of  one  oper- 
ation. The  lengths  could  be  so  adjusted  by  the  wedges  that  the  top 
chords  of  the  girder  would  be  sufficiently  compressed  during  the  expan- 
sion of  the  cantilever  to  release  the  ties  at  the  ends,  when,  for  the  time 
being,  the  two  parts  of  the  central  girder  would  be  upheld  by  strains 
diagonally  upward  from  the  bottoms  of  same  at  their  ends  to  their  tops 
at  the  center,  like  a  roof  truss,  and  as  soon  as  the  central  joint  of  lower 
chords  could  be  made  safe  the  ties  connecting  the  top  ends  of  girders 
with  cantilevers  could  be  cast  off  and  the  bridge  swung  properly  the 
same  evening,  instead  of  waiting  for  a  siibsequent  expansion  as  explained. 
In  this  case  the  wedges  at  ends  of  lower  chord  of  girder  would,  of  course, 
be  released  as  the  bridge  cooled  down. 

In  closing,  it  is  jiroper  to  say  that  opportunities  to  design  and  con- 
struct great  works  of  this  character  are  only  possible  where  large  busi- 
ness interests  create  a  demand  and  cai)ital  is  available  at  low  rates  of 
interest.  Oar  American  bridge  engineers  have  never  refused  such 
opportunities  to  excel  as  were  born  of  less  favored  conditions,  as  is 
attested  by  numerous  large  structures,  many  containing  features  in 
advance  of  the  times.  The  skill  exhibited  in  designing,  constructing 
and  erecting  bridges  adapted  in  detail  to  our  special  conditions  and 
limited  means,  thereby  aiding  in  the  develoi^ment  of  a  great  and  grow- 
ing country,  is  the  admiration  of  engineers  throughout  the  world.     The 
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last  advance  is  always,  however,  the  subject  of  congratulation,  iu  -which, 
we  feel  assured,  all  will  join.  The  subject  under  consideration  sliows 
that  engineers  quail  not  at  works  rivaling  those  of  nature  in  magnitude, 
and  which  must  be  built  to  resist  its  destructive  forces. 

To  Sir  John  Fowler  and  Benjamin  Baker,  joint  engineers  of  the 
Forth  Bridge,  and  all  others  responsibly  associated  with  the  design, 
superintendence  and  construction  of  that  great  work ;  who  dared,  after 
years  of  study,  to  say  that  such  a  structure  was  i)0ssible,  and  whose 
previous  achievements  warranted  the  financial  support  necessary  for 
such  an  operation;  who  studied  the  winds  anxiously  in  the  very  gorge 
to  be  sj^anned,  so  that  they  could,  with  certainty,  resist  its  greatest 
forces;  who  designed  the  outlining  of  the  structure  so  as  to  use  the 
least  amount  of  material;  who  designated  the  material  available  for 
its  construction  and  made  long  series  of  experiments  to  determine  the 
safe  limitations  of  strain  and  methods  of  manipulation ;  who  in  pre- 
paring the  materials,  crushed  the  very  rocks,  separating,  purifying  and 
shaping  their  strongest  elements  with  fire;  who  finally  erected  in 
that  country  of  history  and  poesy  the  three  great  guardian  giants  -which 
we  have  been  examining  in  detail,  thrusting  their  feet  through  water 
and  soil,  and  chaining  them  to  the  "bulwarks  built  by  time  'gainst 
eternity  to  stand,"*  and  who  stretched  out  their  "rugged  arms 
athwart  the  sky  "f  to  carry  for  all  time  a  great  railway  from  height  to 
height  across  the  stormy  deep  to  aid  in  the  further  advancement  of  the 
comforts  and  civilization  of  mankind — we  tender  our  honor  and  respect. 
We  congratulate  yoi;  all  that  your  anxious  labors  are  now  substantially 
closed  and  crowned  with  the  success  which  careful  investigation,  sound 
judgment,  i^atient  attention  and  engineering  skill  warrant,  and  we  greet 
you  as  worthy  leading  representatives  of  that  great  body  of  men  "whose 
office  is  to  harness  the  powers  of  nature  and  guide  them  to  and  fro  at 
wUl."J 

*  Montgomery.  t  Scott.  +  The  Author,  1885. 
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FoETH  Bridge  Works.  — Report  Upon  Temperature. 

June  17th,  1887. 

June  16th. — Temperature  taken  by  Black  Bulb  Thermometer  in  open. 

Time  of  Taking.  Temperature  in  Sun. 

9.15  A.M 69  degrees. 

10  "    74 

10.40   "    78 

11  "    82 

11.15    "    86 

11.40    " 86 

12  p.M 83 

12.15    " 84 

12.30   «'    86 

12.45    "    88 

1  "    89 

1.30   "    92 

2  "    92 

5.15   "     [ 92nearly. 

52  degrees  minimum  in  shade  after  9  a.m.  to  9  a.m.  of  17th. 
80  degrees  maximum  in  shade  after  9  a.m.  to  9  a.m.  of  17th. 
4  P.M.  74  degrees  on  Inchgarvie  in  the  shade,  near  Old  Castle. 

70  degrees  average  air,  inside  both  horizontal  tubes,  thermometer 

clear  of  steel. 
70  degrees  east  side,  east  horizontal  tube  on  Garvie,  thermometer 

placed  in  water  next  steel  plate,  inside  tube. 

72  degrees  west  side,  east  tube,  as  last. 

73  degrees  east  side,  west  tube,  as  las't. 
96  degrees  west  side,  we?t  tube,  as  last. 

This  latter  being  so  high  may  appear   doubtful,  but  it  is  perfectly 
-correct;  the  water  was  like  a  warm  bath. 


West  Tube. 


East  Tube. 


96° 


73= 


72° 


70° 


i 
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Temijeratnres  of  the  Air  taken  in  connection  with  experiments  on  the 
Expansion  by  Heat  of  the  South  Arm  of  the  Queensferry  Cantilever 
of  the  Forth  Bridge,  during  the  months  of  June  and  July,  1889. 


Date. 

Time. 

Temperature. 

Date. 

Time. 

Temperature. 

1889. 

Deg.  Fahr. 

1889. 

1 

Deg.  Fahr. 

Juue  24th. 

6   A.M. 

53 

June  27th. 

5 

C7 

41 

7 

53 

II 

6 

68 

1< 

8 

53 

June  28th. 

0  A.M. 

54 

«f 

9 

54 

1                  t^ 

7 

54 

(« 

10 

54 

■  1 

8 

50 

f  1 

11 

55 

1                     4« 

9 

69 

" 

Midday. 

57 

l« 

10 

62 

4t 

1   P.M. 

57 

tt 

11 

64 

«4 

2 

57 

<i 

Midday. 

65 

•* 

3 

GU 

" 

1  P.M. 

66 

•  < 

4 

61 

1 

2 

67 

<« 

.5 

60 

1                      " 

3 

67 

June  25th. 

6   A.M. 

54 

'                     tt 

4 

68 

<i 

7 

54 

(1 

4.30 

68,'i 

a* 

8 

54 

1                      f< 

5 

67 

•  • 

9 

56 

June  29th. 

6  A.M. 

65 

»4 

10 

58 

It 

7 

56 

t4 

11 

62 

$t 

8 

59 

«f 

Midday. 

65 

1. 

9 

61 

( 1 

1   P.M. 

67 

K 

10 

61 

«4 

2 

69 

tt 

11 

61 

14 

3 

67 

tt 

Midday. 

62 

44 

4 

66 

July  1st. 

6  A.M. 

54 

" 

5 

65 

** 

7 

55 

June  26th. 

6   A.M. 

54 

1         •( 

8 

56 

f  1 

7 

56 

9 

58 

•  t 

8 

58 

<( 

10 

61 

•( 

9 

62 

** 

11 

64 

« 

10 

67 

*« 

12 

65 

<f 

11 

71 

•' 

1   P.M. 

68 

tt 

Midday. 

73 

(< 

2 

67 

*« 

1   P.M. 

76 

«( 

3 

66 

'• 

2 

75 

(( 

4 

66 

ti 

3 

76 

«( 

5 

65 

" 

4 

75 

July  2d. 

C   A.M. 

59 

li 

5 

74 

tt 

7 

60 

June  27th. 

6  A.M. 

67 

•' 

8 

60 

II 

7 

69 

1 

9 

60 

II 

8 

60 

tt 

10 

61 

11 

9 

61 

tt 

11 

62 

II 

10 

62 

•  « 

Midday. 

62 

II 

11 

62 

tt 

1    P.M. 

63 

*' 

Midday. 

68 

tt 

2 

62 

II 

1    P.M. 

66 

«< 

3 

62 

II 

2 

65 

■  < 

4 

61 

•1 

3 

66 

t* 

6 

58 

•1 

* 

66 

July  3d. 

6  A.M. 

64 
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DISCUSSION. 


T.  C.  Cla^kk,  M.  Am.  Soc.  C.  E.— The  Institution  of  Civil  Engi- 
neers, in  tlieir  late  address  to  American  Societies,  has  well  said  that  one 
of  the  great  merits  of  American  engineering  is  the  skill  with  which 
it  has  carried  out  great  works  with  but  little  money;  or  words  to  that 
effect. 

The  only  instance  that  I  remember  where  engineers  have  been 
unlimited  in  the  amount  of  money  they  chose  to  expend,  is  that  of  the 
New  York  and  Brooklyn  Bridge,  and  that  compares  very  favorably  in 
every  respect  with  -the  Forth  Bridge. 

I  am  a  great  admirer  of  the  Forth  Bridge.  I  recognize  both  the 
architectural  and  engineering  skill  shown  in  its  design  and  execution. 
I  have  never  ventured  to  make  but  one  criticism  upon  it.  I  said  that 
I  thought  it  could  have  been  built  in  less  time  and  for  less  money  by 
the  American  method  of  making  the  parts  of  such  size  that  they  could 
have  been  finished  at  different  bridge  shops  and  transported  to  the 
banks  of  the  Forth. 

The  eminent  engineers  of  the  Forth  Bridge  shook  their  heads  at  this 
audacious  proposition. 

Now  I  observe,  only  two  years  after,  that  the  project  of  a  bridge 
across  the  British  Channel  proposes  precisely  that  method  of  bringing 
the  parts  from  a  distance  and  assembling  at  the  site,  rather  than  that  of 
spinning  the  bridge  like  a  gigantic  spider's  web. 

And  the  consulting  engineers  of  that  scheme  are  my  good  friends, 
Sir  John  Fowler  and  Mr.  Benjamin  Baker,  engineers  of  the  Forth 
Bridge. 
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